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(57) Abstract 

Enzymatic RNA molecules which cleave ICAM-I mRNA, IL-S mRNA, rel A raRNA, TNF-« mRNA, RSV mRNA or 
RSV genomic RNA, or CML associated mRNA, and use of these molecules for the treatment of pathological conditions 
related to those mRNA-levels; ribonucleosides or nucleotides modified in 2\ 3* or 5', methods for their synthesis, 
purification and deprotection; vectors containing multiple enzymatic nucleic acids, optionally in chimeric form with 
iRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-!oop base-paired structure; method for altering a mutant nucleic acid in vivo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -Ugating hairpin ribozymcs lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem IL 
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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Background of the Invention 

This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summary of the Invention 

The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, axu, ICAM-1, IL-5, relA, TNF-a, p210 bcr-abl | an( j respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
1 5 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al., 84 Proc. Natl. Acad. Sci. USA 8788, 1987; 
Haseloff and Gerlach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acids Research 1371, 1989. 

. Six basic varieties of naturally-occurring enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodfester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
in addition, the ribozyme Is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

1 0 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

1 5 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-a, p210 bcr " abl , or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1, IL-5, relA, TNF-a, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5, rel A, TNF-a, p210 b cr-abl f or RSV gen es and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5, rel A, TNF- 
a, p210 bcr - abl > or RSV encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 
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cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be obseived. 

By "gene' is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
1 0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These virat or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses , 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nucleic Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry. 31 

35 16 of the RNaseP motif by Guerrier-Takada et al, 1983 CelL 35 849, 
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cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the provira) genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
1 0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

in preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses , 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nucleic Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry. 31 

35 16 of the RNaseP motif by Guerrier-Takada et al., 1983 Cell. 35 849, 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from tlie 
primary transcript by a second ribozyme (Draper et aL, PCT W093/23569, 
and Sullivan et at., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J M et aL, 1992, Nucleic Acids Symp. 
Ser. 27, 15-6; Taira, K. et aL, Nucleic Acids Res.. 19, 5125-30; Ventura, M., 
et aL, 1993, Nucleic Acids Res.. 21, 3249-55, Chowrira et aL, 1994 J. Biol 
Chem.. 269. 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1,Rel A, IL-5, 
10 TNF-a, p210 bcI *- abl or RSV encoding mRNA is reduced below that 
observed in thd absense of the ribozyme,.and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of 1CAM-1, IL-5, Rel A, TNF-a, P 210 bcr - ab ' or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, p210 bc ^abl or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210 bcr ~ abl or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3,6-9, 11, 13, 15-23, 27, 28, 31, 33, 34, 36 and 37. 

Examples of such ribozymes are shown In Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
1 0 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables, 

In another aspect of the invention, ribozymes that 'cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-a, p210 bcr -abl 0 r RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase III (pol 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natf. 
Acad. Sci. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
2867-72; Lieber et al„ 1993 Methods EnzymoL, 217, 47-66; Zhou et a!., 

30 1990 Mol. Cell. Biol, 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proc. Natl. Acad. Sci. USA, 90, 6340-4; 
UHuiiter et al., 1992 EMBO J. 11, 441 1-8; Usziewicz et al., 1993 Proc. Natl. 

35 Acad. Sci. U.S.A., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Preferred Embodiments 
The drawings will first briefly be described. 
Drawings: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be £ 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Gerlach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, Nucl. Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (/.e. t n 
is 1 ,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases (i.e., r is £ 1 base). 
Helix 1 , 4 or 5 may also be extended by 2 or more base pairs (e.g., 4-20 
25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size (i.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, i.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
■ " refers to a covalent bond 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic - representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 11 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2 - 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HFat 65°Cfor1.5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA<3HF reagent, to the same 
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pot, to remove protecting groups at the 2-hydroxy! position. The 
deprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5 1 end contain phosphorothioate 
1 5 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2'- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyI group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 

5 transcript. Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndllMinearized plasmid. (23) HH Cassette, transcript containing the 

10 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 supra) . 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3* end. The 3' processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III, 
indicate the three helices that contribute to the structure of the 3 1 cis-acting 
hammerhead ribozyme (Hertel et al., 1992 Nucleic Acids Res. 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et al M 1990 Biochemistry 29, 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzai-Herranz et a!., 1993 EMBQ. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3 1 end. The 3 1 cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acids Res. 21, 1991; Altschuler et aL, 1992 supra) . (25) HDV 

35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 



NUC37615 



W0 9S/2322S 



PCI7IB95/00156 



11 

coworkers (Been et al., 1992 Biochemistry 31, 1 1843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3* cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, II, III & IV, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Nature 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with H/ndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with A/del 
restriction enzyme. Transcripts from N templates contain 220 non- 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
Heal restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3' end. 

20 Fig. 28 shows the effect of 3 1 flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 
. 30 * because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5' end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3* Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5* and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31, 
1 0 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAi met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3* 
of B box has been deleted (AdeniykJones et al., 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3' end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5' and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3' end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35PIus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Suilenger 
et al., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski.& Saccht, 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Curr. Protocols Mol Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3 -5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 \ig total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCl 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for - 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 
, 30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 
35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAj met , refers to the 
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endogenous tRNA. S35, refers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs. 35 and 36 except, S, 5' terminus-labeled 
5 substrate RNA. P, 8 nt 5* terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3' of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
. respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors, M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Rgs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stuffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenoviorus coding regions (cross-hatched boxes marked as E1, pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5' side and 8 bp on the 3* side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophvs. Chem. 17 T 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3 1 fragment is phosphorylated at 
its 5' end and that the 3' end of the 5 1 fragment have a hydroxy! group. The 
hairpin ribozyme is targeted against site J. H1 and H2 are intermolecular 
1 0 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Herranz et a/., 
1993 EMBO. J.12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. " All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will . recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [a- 32 P]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 jil 
1 0 DEPC-treated water and stored at ~20°C. 

Unlabeled ribozyme (1fiM) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCfe) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 

15 reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 p\ were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 

20 imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme*substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown, HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make internally- 
30 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme^substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1 .9 KB region (containing hairpin site M) was synthesized by 
PCR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
10 above except that 20°C and at 26°C temperatures were used. 

Rgs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is > 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103"L*, wherein L is a 
non-nucleotide linker molecule (Benseler et a/., 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et aL t WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et aL, 
1993 supra; Jennings et aL, supra). Nomenclature is same as described 
under figure 3. 

Rgs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region "s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the 5'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH, H, O-protecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5*-C- 
alkyl-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing S'-C-methyl-L-talo modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-O ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown! 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel et a/. Nucleic Acids Res. 1 992, 
20, 3252) showing specific substitutions. 

Figs. 81a-j shows the structures of various 2*-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyl 
1 5 groups, 2 is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2'-C-difluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-0- 
methylene and 2'-C-difluoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2 f -0 
25 carboxymethylidine uridine, 2 , -Omethoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside S'-deoxy-S'-difluoromethylphosphonates. 
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Figure 88 is a diagrammatic representation of the synthesis of 

nucleoside 5'-deoxy-5'-difluoromethylphosphonate 3'-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside S'-deoxy-S-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of 3*-deoxy-3 -difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation ' of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2'-hydroxy1 group 
1 0 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2'-hydroxyI group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2*-hydroxyl group modifications. U7- 
ala, represents HHN ribozyme containing 2-NH-alanine modification at the 
20 U7 position. U4/U7-ala, represents HHA containing ^-NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2-NH-lysine modification at U4 position. U7 lys, represents HHA containing 
2-NH-lysine modification at U7 position. IM/ltf-lys, represents HHN 
containing 2-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B f refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5 1 ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. 102a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows FMoop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al. f PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-oc, p210 bcr * ab! , or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1 , 
II-5, re! A, TNF-oc ,p210 bcr - abl , or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

L Target sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et a/., PCT WO94/02595 as well 
as by Draper et al. f PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and delivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding amis suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et al. f 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

15 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system* From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al. f 1987 J. Am. Chem. Sod, 109, 7845 and in Scaringe et a!., 1990 
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Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the S'-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840), Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

10 Uhlenbach, 1989, Methods Enzymol, 180, 51). AH ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example, 2-amino, 2-C-allyl, 2-flouro, 2-O-methyl, 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

1 5 high pressure liquid chromatography and are resuspended in water. 

Example 1: 1CAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1. 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule- 1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
•30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a 110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331 , 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, ^interferon, tumor necrosis factor-a, or interleukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer ef. al. supra; Dustin et aL, supra; and Rothlein et al., 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al, supra). Elevated expression is detectable 
after 4 hours and peaks after 16-24 hours of induction. 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl Acad. Scl USA 
85, 3095-3099; Dustin and Springer, 1988 J. Cell Biol 107; 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 

25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation, 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et al, supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 

30 stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J. 
Immunol 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1 is required for cell-cell 

35 interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (All sequences 
10 are 5' to 3' in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful In this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
1 5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et al., PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

1CAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of JCAM-1 expression can reduce transplant rejection 

10 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM : 1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al, 1991 Transplantation 
30 51,537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 1990 J. Immunol 144, 4604- 
4612) and cardiac (Flavin et al., 1 991 Transplant Proc. 23, 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et ai. f ^^Transplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et aL, 1990 Arthritis Rheum 33, 
1776-86; Koch et aL, 1991 Lab Invest64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et aL, 1993 
Arthritis Rheum 36, 519-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakirnoto et aL, 
1992 Cell Immunol 142, 326-37). 

Anti-ICAM antibody inhibits adjuvant-induced arthritis in rats (ligo et aL, 1991 J 
Immunol 147, 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 AntMCAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et aL, 1 992 Am J Physiol 262, H1891-8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et aL, 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et aL, 1992Circuiation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et aL, 1990 Science 247, 456-9). 

25 In a primate model of asthma, antMCAM-1 antibody blocks airway eosinophilia 
(Wegneret aL, supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et aL, 1992 Clin 
Exp Allergy 22, 569-75). 

• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed in 
psoriatic lesions and expression correlates with inflammation (Kellner et aL, 
1991 Br J Dermatol 125, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et a!., 1 993 Br J Dermatol 1 28, 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et at., 1993J Immunol 150, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et aL, 1989Lancef 2, 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
aL, 1992Arthnf/s Rheum 35, 672-7; Tsuji, 1992 ArervglM, 1507-14). 

Circulating LFA-1+ T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
1 5 Immunol 37, 377-80). 

Example 2: IL-$ 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatoiy disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e.g.. by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4, GM-CSF, TNF-a, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of. the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1R and TNF-aR on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P f neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et ai., 1989 supra: Garssen et ah, 1991 Am. Rev. 
5 Respir. Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Invest. 89, 747-752; 
Mauser et al., 1993 supra) . Ribozyme cleavage of IL-5mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11, 13, and 14, 15. (AH sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
15 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (ff-GGCCGAAAGGCO 
3 4 ) can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (5 f -CACGUUGUG-3*) can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, EL1SA, by indirect immunofluoresence, and/or by 
FACS analysis, IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
10 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

15 Takatsu et al. f 1988 Immunol. Rev. 102, 107). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et a!., 
1989 BJood 73, 1504-12), vascular adhesion (Walsh et ah, 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al M 

20 1988 J. Exp. Med. 167, 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. Investig. Aiiergol. Clin. Immunol. 
. 2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment 

Bronchoalveolar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2, lL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al M 1993 J. Allergy 
Clin. Immunol . 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al M 1993 Am. J. Respir. Cell Mol. Biol. 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
1 0 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et aL, 1993 Am. J. Respir. Cell. Mol. Biol. 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
20 and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzeel et al., 
1992 $chweiz. Med. Woch^nschr, 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
al M 1993 Am. Rev. Respir. Pis. 148, 1623-7). In a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et al. f 1993 Am. Rev. Resplr. Pis. 147, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
1 5 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay, 1991 J. Allergy Clin. Immun. 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et al M 1993 in Immunopharmacol. Eosinophils ed. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al. t 1993 
supra) . Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5, 

Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Allergy Clin. Immunol. 85, 422). 
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L-Tryptophan-associated eosinophiHa-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et aL, 1993 J Invest. Dermatol. 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transforming growth factor play a significant role in the development of 
EMS (Varga et aL, 1993 supra) by activating eosinophils and other 
inflammatory cells. 

10 Thus, ribozymes of the present invention that cleave IL-5 rnRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

15 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et al., 1993 
supra) and can be used to optimize activity. 

Example 3: NF-kB 

Ribozymes that cleave ret A rnRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as lipopolysaccharide (LPS), interleukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-ot) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator, NF-kB* One subunit of NF-kB, the re/A gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave rnRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes (e.g., cytokines, adhesion proteins, oncogenes and viral 



NUC 37638 



WO 95/23225 



PCT/TB95/00156 



34 

proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nf-KB1 genes, respectively) are generated from the precursors 
NF-kB1 (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Acad. Set 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al, Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-KB1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, G.J. 

20 Nabel, J. Virol. 1992 66, 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mol. Cell. Biol. 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (M.J. Lenardo, D. Baltimore, 
1989 (M 58, 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the rel family. Such "knock- 
- outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oliogonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 
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been used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of 1L-6 (I. 
Kitajima, et al., Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1 993 Mol. Cell. Biol . 1 3, 61 37-46). 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al. f 1993 Mol. Cell. Biol. 13, 6530-6536), VCAM-1 (Shu et al. f 
supra), and E-selectin (Read, et a!., 1994 J. Exp. Med. 179, 503-512) on 
endothelial cells. 

10 •NF-kB is involved in the induction of the integrin subunit, CD18, and 

other adhesive properties of leukocytes (Eck et ah, 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

15 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et al., 1994 J. Biol. 
Chem. 269, 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Acad. Sci USA 91, 

20 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id). 

Ribozymes of this invention block to some extent NF-kB expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22, (All sequences are 5' to 3' in 
the tables.). While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

10 By engineering ribozyme motifs we have designed several ribozymes 

directed against rel A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
15 induced VCAM-1, ICAM-1, IL-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1, ICAM-1, IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Re! A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or rel A mRNA by more than 
50% will be identified, 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-reM ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves ret A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (B.J. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin., Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
" components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 



NUC 37642 



WO 95/23225 



PCT/IB9S/00156 



38 

NF-kB is required for the induction of adhesion molecules (Eck et al. # 
supra, K. O'Brien, et al., J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 

5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors* Recipients would receive the 

10 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T celt co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 •Asthma. 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses, limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave relA mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of ah effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4: TNF-a 

Ribozymes that cleave the specific cites in TNF-cc mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-a (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions, injection of 
10 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230, 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 Nature 316, 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-G (Shakhov et al M 1990 

20 J. Exp. Med. 171,35-47). Both TNF-a and TNF-0 bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al., 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Necrosis Factor. Structure. 
Function, and Mechanism of Action B. B. Aggarwal, J. Vilcek, Eds. Marcel 
. Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 CeH 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and death (T racey & 
Cerami, 1992 Am, J. Trop. Med. Hya. 47. 2-7). 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-a by targeting specified 
5 cleavage sites [Sioud et al., 1992 J, Mol. Biol. 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB J. 4 t A1860; 1991 
slide presentation (J. Leukocyte Biol sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
"Development of anti-TNF-a ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] listing various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
1 5 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5' to 3' in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-<x sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
30 study are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Tables 24 and 26 (5-GGCCGAAAGGCC- 
35 3') can be altered (substitution, deletion, and/or insertion) to contain any 
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sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (S'-CACGUUGUG-S 1 ) can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucieotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et ah, 1992 
Circulation. 86, 1-473.; Nabel et al, 1990 Science. 249, 1285-1288) and 
both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-~ RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis, RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-a activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
15 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, Ml.) was injected i.p. into 6 week old female 
. C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 
30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 0 5 /well in 96 well plates (Costar, Cambridge, MA.) with Eagles 
35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection ofribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed 100 ml of lipid:ribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages: 

Supernatants were sampled at 0, 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C, Quantitation of TNF-a was done by a 

1 5 specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supernatants, TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/iipid treatment of macrophages and harvesting of 
supernatants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2 I 5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra: Williams et al., 1992 
Proc. Natl. Acad, get. USA 89, 9784-9788; Jacob, 1992 J. Autoimmun. 5 
(Supp. A), 133-143]. 
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Septic Shock 

Septic shock is a complication of major surgery, bacteria! infection, 
and polytrauma characterized by high fever, increased cardiac output, 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 

1 0 200,000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-a, interleukin-18 (IL-1B), y-interferon (IFN-y), interleukin-6 (IL- 

15 6), and interleukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d also reach high levels (de 
Boer et at. f 1992 I mmunopharmacology 24, 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 supra) . In animal models, injection of TNF- 

20 a has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al., 1985 Science 229, 869-871); in contrast, 
injection of 1L-16, IL-6, or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-1B, IL-6, IL-8, PgE2, acute phase proteins, 
and TxA2 in the serum of experimental animals (de Boer et al., 1992 

25 supra) . In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies. The cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 

Rheumatoid Arthritis 

30 Rheumatoid arthritis (RA) is an autoimmune disease characterized by 

chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 

35 contain elevated levels of TNF-a, IL-1a and IL-1B, IL-6, GM-CSF, and TGF- 



NUC 37649 



WO 95/23225 



PCT/IB95/00156 



45 

3 (Abney et al., 1991 Imm. Rev. 119, 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Celis cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1a/8 production by these 
cells to undetectable levels (Abney et al., 1991 Supra) . Thus, TNF-a may 
directly induce the production of other cytokines in the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-G, has no effect on cytokine secretion 
by RA cultures. Immunocytochemlcal studies of human RA surgical 

10 specimens clearly demonstrate the production of TNF-a, IL-1a/0, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31, 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-B have 

15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorbtion, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exp. Immunol, 89, 244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, lL-1a/B, 
II-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al., 
1992 Proc. Natl. Acad. Sci. USA 89, 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction In the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 

Psoriasis is an inflammatory disorder of the skin characterized by 
35 keratinocyte hyperproliferation and immune cell infiltrate (Kupper, 1990 i 
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Clin. Invest. 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-iymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8 + and CD47CD8* are also present B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 $emin. Dermatol. 10, 217). 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-oc , IL-1a, IL-1B, IL-1ra, IL-6, IL-8, IFN-y, and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been observed (Reeves, 1991 supra) . This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-cc, IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 et al., 1991 APMIS 99, 58-64). 

Nickoloff et al., 1993 (J Dermatol Sci. 6, 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete 1L-1a, IL-1B, IL-6, IL-8, TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-a and IL-8. Keratinocyte IL-8 recruits 
imcnunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-t and MHC class II. IFN-y secreted by the T-cells 
synergizes with the TNF-a from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-y also feeds back *° the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
15 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift In the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
ct and TNF-G levels, hypergammaglobulinemia, and lymphoma/ieukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carinii, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-a and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supra) . In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-a and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J. Virol. 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-a and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

3.0 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with, which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 virus production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et a!., 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
10 replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

15 Chronic elevation of TNF-a has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Trop. Med. Hyq. 47, 2-7), increased 
autoimmune disease (Jacob, 1992 supra) , lethargy, and immune 
suppression in animal models (Aderka et al., 1992 Isr. J. Med. Sci. 28, 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (BJ. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

15 vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum comeum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et a!., 1993 Supra) . 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 »Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Examples: p210t >cr^bl 

Chronic myelogenous leukemia exhibits a characteristic disease 
course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype (i.e.. the blast crisis 
stage of the disease). CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient (e.g. 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
which survive BMT, disease recurrence remains a major obstacle 
(Apperiey et al M 1988 Br. J. Haematol 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found in greater than 95% of CML patients and in 10- 
• 30 25% of all cases of acute lymphoblastic leukemia [(ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Genet, Cytogenet. 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
abl fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 
35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et ai„ 1985 Nature 315, 758; 
Shtivelman et al., 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et a!., 1989 Proc. Nat. Acad. Sci. USA 86, 4259; 
5 Heisterkamp et ah, 1988 Nucleic Acids Res. 16, 10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247, 
824; Heisterkamp et al., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein {p2\Q bcr ' abl ) in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p210 bcr ~ abl expression. These 
inhibitory molecules have been shown to inhibit the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et al M 1991 
Science 253, 562). 

15 Reddy, U.S. Patent 5,246,921 (hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et at., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed in pre-neoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either in 
vivo administration to reduce the tumor burden, or ex vivo treatment to 
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eradicate transformed celts from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 

5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abf sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the bcr mRNA or 
the 3' portion of the ab/mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 

1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
1 5 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et aL 1992 supra) is an |n vitro transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ex vivo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p210^ cr " a ^^ 
expression and can be used to treat disease or diagnose such disease. 
5 Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
1 0 that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5' to 3* in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

1 5 The sequences of the chemically synthesized ribozymes most useful 

in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 

20 hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 

25 ribozymes described specifically in the fables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abl mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

30 The ribozymes are tested for function in vivo by exogenous delivery to 

cells expressing bcr-abi Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA, by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p2W bcr ' ab ) protein and mRNA by 
more than 20% are identified. 

5 Example 6: RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY), The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
15 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 - 300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al. t Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected ceil 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5* 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Barik et a/., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C, 1B, N, P, M, SH, G, F, 22K and L genes (Huang 
et a/., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B, which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

1 0 determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

15 in the sequence for the extracellular domain (Johnson et al. a 1987, Proc. 
Natl Acad. ScL USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations' and 4500 

20 deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States, 1993, Mmwr Morb Mortal Wkly Rep, 42, 971). 
Infection with RSV generally outranks all other microbial agents leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 

25 and adults, especially hospital care givers (Mcintosh and Chanock, supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
30 recovery is in 7 to 12 days. Initial symptoms (rhinontiea, nasal congestion, 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
35 respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam et at, 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et aL< 
1 0 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et a/. t 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

15 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990..(eds. GJ. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ltd., NY.]. Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso, RJ. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 

35 Jennings et a/., WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (1B) and N viral genes. 
These genes are known in the art {for a review see Mcintosh and Chanock, 
1990 supra). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 

15 that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
1B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22/Cand L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding arms which 
are complementary to the sequences in Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By "consists essentially of 1 is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 
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While all ten RSV encoded proteins (1C f 1B, N, P, M, SH f 22K, F, G, 
and L) are essential for viral life cycle and are all potential targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others* For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et a/., 1987 supra). RSV proteins 1C, 1B and N 
10 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 

25 a/., 1987 J. Am. Chem. Soc, 109, 7845^7854 and in Scaringe et al., 1990 
Nucleic Acids Res., 18, 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the ff-end, and 
phosphoramidites at the 3-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 G5 and a U for A14 (numbering from Hertel et a!., 1992 Nucleic Acids Res., 
20, 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
fles., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

35 Uhlenbeck, 1989, Methods Enzymol. 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2'-amino, 2-C-atlyi, 2'-flouro, 2-o-methyl, 2-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example, stem-loop II sequence of 

10 hammerhead ribozymes listed in Tables 32 and 34(5-GGCCGAAAGGCO 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5'-CACGUUGUG-3') can be altered (substitution, 

1 5 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common cell lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vero and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identified. 
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O ptimizing Ribozyme Activity 

Ribozyme activity can be optimized as described by Draper et aL, PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 

5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein ef a/., International Publication No. 
WO 92/07065; Perrault et aL, 1990 Nature 344, 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Biochem. Sci. 
17, 334; Usman et al., International Publication No. WO 93/15187; and 

10 Rossi et al., International Publication No. WO 91/03162, as well as 
Jennings et aL, WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. Alt these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 

15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al., PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicle combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et al., 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase 111 (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 



WO 95/23225 



PCT/IB95/00156 



62 

pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 

5 (Elroy-Stein and Moss, 1990 Proc. Natl Acad. Sci. USA. 87. 6743-7: Gao 
and Huang 1993 Nucleic Acids Res .. 21, 2867-72; Lieber et a!., 1993 
Methods EnzvmoL 217, 47-66; Zhou et al., 1990 Mol. Cell. Biol.. 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 etal., 1992 Antisense Res. Dev.. 2,3-15; Ojwang etaL 1992 Proc. Natl. 
Acad. Sci. USA . 89, 10802-6; Chen et al., 1992 Nucleic Acids Res.. 20, 
4581-9; Yu et al., 1993 Proc. Natl. Acad. Sci. USA. 90, 6340-4; UHuillier 
et al., 1992 EMBO J. 1 1 , 441 1-8; Lisziewicz et al., 1993 Proc. Natl. Acad. 
Sci. U. S. A.. 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into, a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
{such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 
25 Eur. J. Biochem. 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
.particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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using multiple ribozymes described in this invention, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g.. multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in vitro uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1, 
relA, TNF-a, p210, bcr-abi or rsv related condition. Such RNA is detected 

15 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNF©s p210bcr-ab! or RSV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

11. Chemica! Synthesis Of Ribozymes 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkylsilyl protecting 
groups on the 2'-hydroxyl are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in forms of yield and biological activity of 
a large RNA molecule (/.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH^EtOH 

25 (ethanolic ammonia) for 20 h at 65 °C. in the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanolic 
ammonia for 4 h at 65 P C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsilyl 2 , -hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described in Scaringe et ai Nucleic Acids Res. 
35 1990, 18, 5433-5341. The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5* position on or off. This purification is accomplished using an 
acetonitrile gradient with triethyiammonium or bicarbonate salts as the 

5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na + , Li + etc. A 

10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (se e Tables 39-41) 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 )2, amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2, halogen, N(CH 3 ) 2 , 
amino, or SH. The term "alkyl" also includes alkynyl groups which have an 

5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 

10 substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or 
N(CH3>2. amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated % electron 

15 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkytaryl" group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2. Using 5-S-alkyRetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 

3. Using alkylamine (MA, where alkyl is preferably methyl, ethyl, 
35 propyl or butyl) or NH40H/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 °C for 10-15 m to remove the exocyclic 
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amino protecting groups (vs 4-20 h @ 55-65 °C using NH 4 OH/EtOH or 
NH3/EtOH ( vide supra). Other alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine # hydrogen fluoride (aHF*TEA) 
5 @ 65 °C for 0.5-1.5 h to remove the 2'-hydroxyl aikylsilyl protecting group 

(vs 8 - 24 h using TBAF, vide supra or TEA-3HF for 24 h (Gasparutto et at 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alkylamine*HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NA10Q®, Mono-Q®, Poros- 
es. 

Thus, the invention features an improved method for the coupling of 
1 5 RNA phosphoramtdites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2-hydroxyl aikylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above {e.g., with substituted 2'-groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et a!., PCT W093/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, it is advantageous to 
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use a Dionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5-trityl-on or 5- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
15 and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
- 30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 jim, preferably 5 fim, 

Activation 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman et al. J. Am. Chem. 
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Soc. 1987, 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound 5*-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7: S ynthesis of RNA and Ribozvmes Using 5-S-Alkvltetrazoles 
as Activating Agent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et ah, 1987 supra and in Scaringe et aL, 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityi at the 
5'-end, and phosphoramidites at the 3-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 jimol scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA. A 6.5-fold excess (162.5 [iL of 0.1 M = 32.5 iimol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 \iL of 0.25 
M = 100 fimol) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 \imo\ scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2*-0-methylated RNA. A six-fold excess (1.5 mL of 0.1 M = 150 fimol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 
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0.25 M = 1125 nmol) relative to polymer-bound 5-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trityl fractions, was 95,0-96.7%. 
Oligonucleotide synthesis reagents for the 3902: Detritylation solution was 
5 2% DC A in methylene chloride; capping was performed with 16% W-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM fe, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitrile) was made up 
10 from the solid obtained from Applied Biosystems. 

Deprotection 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH 4 OH/EtOH:3/1 (Usman etal. J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NtVEtOH (Scaringe ef ai Nucleic Acids Res. 1990, 18, 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NH40H/methyiamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Ribozvme Deprotection of Exocvclic Amino 
20 Protecting Groups Using Methylamine (MA^ or NH £ OH/Methylamine (AMA) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH40H/methylamine 
(AM A) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 °C, the supernatant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H 2 0/3:1 ;1 , vortexed and the supernatant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent. 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman et al. J. Am. Chem. Soc. 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA*HF in N- 
5 methylpyrroiidine (NMP) for 0.5-1 .5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9: RNA and Ribozvme Deprotection of 2 , -Hvdroxvl Alkvlsily! 
Protecting Groups Usino Anhydrous TEA'HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 fiL of 1.4 M anhydrous HF 
solution (1.5 mL A/-methylpyrrolidine, 750 pi. TEA and 1.0 mL TEA«3HF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 1 0 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl deprotection. 

Example 10: HPLC Purification. Anion Exchange column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaClCU). A gradient from 180-210 mM NaCI0 4 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaClC)4 at a rate of 1.7 mM/void volume for a 
Dionex NucIeoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucIeoPac® 
column. Fractions containing full length product at >80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H2O to lower the salt 
concentration and applied to a Pharmacia Mono Q® 16/10 column. A 

5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac® column. Fractions containing over 85% full length material 

10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

15 column. The column was thoroughly washed with 20 mM NH4CC>3H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH4CC>3H/10% acetonltrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH 3 CN, 
buffer A » 20 mM NH 4 CO3H/10% CH 3 CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H2O again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
scheme (vide supra). 

30 Example 1 1 Ribozyme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (~36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 jiM, 200 nM, 40 nM or 8 nM and. the final substrate RNA 
35 concentrations were ~ 1 nM. Total reaction volumes were 50 jxL. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aiiquots of 5 
\iL were removed at time points of 1 , 5 f 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacryiamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 jimol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2*-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA*3HF reagent 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fio. 13. hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar fulWength product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fio. 14. hammerhead ribozymes targeted to site B (from 
30 Fig. 13) are tested for their ability to cleave RNA. As shown in the figure 14. 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12at Improved protocol for the synthesis of phosphorothioate 
containing RNA and ribozvmes using 5-S-Alkyltetrazoles as Activating 
Agent 

The two sulfurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1 ,2-benzodithiol-3- 
one 1,1-dioxide (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA), It has recently been shown that for sulfurization of DNA 
10 oligonucleotides,- Beaucage reagent is more efficient than TETD 
(Wyrzykiewicz and Ravikumar, 1994 Bioorganic Med. Chem. 4, 1519), 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2 , -deoxy-2'-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et aL, 1992 J. Med. Chem). 

15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5*-end, and 
phosphoramidites at the 3'-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al., 1990 
Tetrahedron Letter 31, 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement is the u$e of an activating agent, 5-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for 5 min. 
Additionally, for those linkages which are phosporothioate, the iodine 
solution is replaced with a 0.05 M solution of 3H-1 ,2-benzodithiofe~3-one 
30 1,1-dioxide (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
modified 2.5 [imol scale protocol with a reduced 5 min coupling step for 
35 alkylsilyl protected RNA and 2.5 min coupling step for 2'-Omethylated 
RNA. A 6.5-fold excess (162.5 jiL of 0.1 M = 32.5 fimoi) of phosphoramidite 

RECTIFIED SHEET (RULE 91) 
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and a 40-fold excess of S-ethyl tetrazole (400 of 0.25 M = 100 fimol) 
relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer, detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
1 0 bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = (PSfTotal)1/n-1 

1 5 where, PS = integrated 31 P NMR values of the P=S diester 

Total = integration value of all peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5* end. 
25 RNA cleavage activity of this ribozyme is shown in Fi g. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the synthesis of ^N^ ohtalimido^nnclftngiriA 
phosphoramidite 

30 The 2-amino group of a 2-deoxy-2-amino nucleoside is normally 

protected with N-(9-flourenylmethoxycarbonyl) (Fmoc; Imazawa and 
Eckstein, 1979 suprai Pieken et a!., 1991 Science 253, 314). This 
protecting group is not stable in CH3CN solution or even in dry form during 
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prolonged storage at -20 °C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of ^-deoxy-^-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2'- 
aLminonucleoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chem. Res. 1979, S, 24). An intennediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyl (Pht) group by 
Mefken's method (Nefkens, 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyl group without acylation of 5' and 3* hydroxyls. 

When 2'-deoxy-2'-amino-nucleoside was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with Et3N (1 hour) only 10-15% of N and S'^-bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivative 
1 5. The N,0-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 wth cat. KCN/MeOH. 

- A convenient "one-pot" procedure for the synthesis of key . 
intermediate 16 involves selective N-phthaioylation with subsequent 
dinrtethoxytrytilation by DMTCI/B3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 1€ produced phosphoramidite 17 in 87% yield. One gram of 2'-amino 
nucleoside, for example 2'-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried in vacuo overnight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2'-amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. Thin layer chromatography 
(TIC) showed 90% conversion to a faster moving products (10% ETOH in 
C HCI3) and 57 pi of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 pi (1.5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq. f 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by ^HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above, 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with 2 , -deoxy-2 , -amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing ^-deoxy-^-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2-amino positions were either 

15 protected with Fmoc or Pht, was identical. Additionally, complete 
deprotection of 2'-deoxy-2 , -amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SEM Group 

20 There follows a method using the 2 , -(trimethylsilyi)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman.N.; 
OgiIvie,K.K.; Jiang. M.-Y.; Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and Scaringe,S.A.; Frankiyn.C.; Usman.N. NucL Acids Res. 
1990, 18 t 5433-5441). However, long exposure times to tetra-n- 

30 butylammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2'-hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe,S.A.; Franklyn,C; Usman.N. NucL Acids Res. 1990, 
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18, 5433-5441 and Stawinski,J.; Stromberg.R.; Thelin.M.; Westman,E. 
Nucleic Acids Res. 1988, 16, 9285-9298). 

The (trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF3»OEt2 very quickly. 

There follows a method for synthesis of RNA by protecting the 2- 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
1 5 various positions by methods well known in the art, e.g., as described by 
Eckstein et at., International Publication No. WO 92/07065, Perrautt et at.. 
Nature 1990, 344, 565-568, Pieken etal, Science 1991,253, 314-317, 
Usman.N.; Cedergren,R.J. Trends in Biochem. Set. 1992, 17, 334-339, 
Usman et al., PCT W093/15187, and Sproat,B. European Patent 
20 Application 9211 0298.4 . 

This invention also features a method for covalently linking a SEM 
group to the ^-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyitin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF3«OEt 2 ) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Figure 18. there is shown the method for solid phase 
synthesis of RNA. A 2 , ,5 , -protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Figure 19. there is shown the synthesis of 2-O-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a 5'-protected 
nucleoside (1) is protected at the 2'- or ^-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 20. a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 
which deprotection of RNA containing an SEM group is performed. In step 
1, the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 
subsequent deprotection of 

Example 14: Synthesis of 2 , -0-((trimethvlsilyl)ethoxvmethyn-5 , -0- Di- 
methoxvtrityl Uridine (2) 

Referring to Figure 19. S'-O-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH3CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 
25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethylsllyl)ethoxymethyl chloride (SEM- 
CI) (487 jiL, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2-hydroxyl protected 
* 30 nucleoside 2 and 314 mg (25.3%) of 3'-hydroxyl protected nucleoside 3. 

Example 15: Synthesis of 2'-Q-mrimethvlsiMtethoxvmethYl) Uridin e (4 ) 

Nucleoside 2 was detritylated following standard methods, as shown - 
in Figure 19. 
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Example 16: Synthesis of 2 , >a((trimethvlsilvnethoxvmethvlV5 > ,3 , >(>Acetvl 
Uridine (5) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesis of 5'.3'-OAcetYl Uridine (6) 

Referring to Figure 19. the fully protected uridine 5 (32 mg, 0.07 
mmol) was dissolved in CH3CN (700 and BF3»OEt2 (17.5 pi, 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH2CI2) gave 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of 2 , -0(ftrimethvlsilynethoxvmethvn^ , -0> 
$uccinyl-5'-Q- Pimethoxytrityl Uridine (2) 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. 

15 Example 19: Synthesis of g^OfftrimethvlsilvnethoxvmethvlVS^O- Di- 
methoxytritvl Uridine 3^(2-Cyanoethyl A/,A/-diisopropvlphosphoramidite) 

m 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 19 . 

20 Example 20: Synthesis of RNA Using 2 , -Q»SEM Protection . 

Referring to Figure 18. the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.R.j. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe f S A; Franklyn.C; Usman.N. NucL Acids Res. 

25 1990, 18 t 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-rner of uridylic acid. Syntheses 
were conducted on a 394 (ABl) synthesizer using a modified 2.5 nmol 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 \iL of 
0.1 M = 32.5 iimol) of phosphoramidite and a 80-fold excess of tetrazole 

30 (400 |xL of 0.5 M = 200 jimol) relative to polymer-bound S'-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by colorimetric quantitation of the trityl fractions, were 98-99%. 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF; oxidation solution was 16.9 mM 49 mM pyridine, 9% water in THF, 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. J 

5 Referring to Figure 21. the homopolymer was base deprotected with 

NH3/EtOH at 65 °C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF3*OEt2 
(2.6 jiL, 30 nmol) was added to the solution and aliquots were removed at 

10 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

HI. Vectors Expressing Ribozymes 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 
general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5' ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 
for scaling up production of a ribozyme, which may be either modified or 
unmodified, /n situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow productiuon of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 
RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3' and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. - 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5 described by Draper et al., PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
15 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolatioa of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 
5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a TetraJiymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a seff- 
10 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
1 5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3* side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 

5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60- 100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a ptasmid, 

1 0 cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

15 of the RNA produced by the vector, and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
25 such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be ligated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 In a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred embodiments, three different ribozyme motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyme motifs consist of small, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biochem. 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs self- 
5 process to 87-95% completion in the absence of 3' flanking sequences. In 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al. a 1 990 supra: 
and Altschuler et al. 9 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozyme 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

15 HPLC purification methods described by Draper et al„ PCT WO 93/23509, 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2>0-methy( RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with mininhal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyme RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as . lysis followed by guanidine 
isothiocyanate isolation. 

The current known self-cleaving site of Tetrahymena can be used in 
35 an alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5* cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 

5 sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that it is in a stem structure recognized by 

10 the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 

15 incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 

20 or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
25 double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picomaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Design of self-processing cassettes 

30 In a preferred embodiment, applicant compared the in vitro and In 

vivo cis-cleaving activity of three different ribozyme motifs-the 
hammeriiead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 

35 ribozyme-containing transcripts to be as similar as possible. To this end, 
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all the ribozyme cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
( Figure 23-25V For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

A sequence predicted to form a stable stem-loop structure is included 
at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhlenbeck, 1989 Methods 
Enzymol. 180, 51) and Its complement, separated be a stable tetra-loop 
(Antao et al., 1991 Nucleic Acids Res. 19, 5901). By incorporating the T7 
initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(^••CUGGAGU^GACCUUC-S'). The 5' binding arm of the ribozyme, 5'- 
25 GAAGGUC-3', and the core . of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3\ remain constant in ail cases. In 
addition, all transcripts also contain a single nucleotide between the 5* 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 
30 identical ribozyme lacking the 5' hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3' end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3 1 end of the trans- 
35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3' binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, 5-ACUCCA(+/-G)-3\ complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3* binding ami of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
L Two extra nucleotides, UC, were included at the end of the 3' binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et aL, 
10 1990 supra) which remain on the 3* end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra) . A 
tetra-loop at the end of helix 1 (3' side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a G-U wobble base pair in helix 2 (A52G substitution; 
Figure 24) . This slight destabilization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al., 1992 Genes & Dev. 6, 129; 
Chowrira et al., 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Figure 24) . Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 24) by one base pair relative to the wild-type 
sequence (Chowrira & Buike, 1991 Biochemistry 30, 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fig 25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3* end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 supra) 
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but includes the modifications of Been et al., 1992 ( Biochemistry 31, 
11843) in which cis-cieavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure 25) . 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning (see Fta. 26) . The single- 
strand portions of annealed oligonucleotides were converted to double- 
10 strands using Sequenase® (U.S. Biochemtcals). Insert DNA was ligated 
into EcoRf/H/ndill-digested pud 8 and transformed into E. coli strain DH5cc 
using standard protocols (Maniatis et al. ( 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra: 
Chowrira & Burke, 1991 Supra) . In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 jxCi [y- 32 P]GTP, 200 fiM each NTP and 0.5 to 1 jig of 

25 linearized plasmid template. The concentration of MgCfe was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of fr 32 P]GTP to generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg 2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (see Fia, 26) . The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3* end (H/ndlll-digested template), 220 
nucleotides (A/del digested templates) or 454 nucleotides of downstream 
sequence (flcal digested template). 

As shown in Figure 27. all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

10 essential for hammerhead ribozyme activity (Ruffner et al., 1990 supra) 
have been changed in the HH(mutant) core sequence (see Figure 23) and 
so this transcript is unable to undergo self-processing (Fig. 27) , This is 
evidenced by the lack of a released 5' RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 

1 5 trans-ribozyme (Fio. 27) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition, 

20 the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constructs ability to fold correctly (and/or more quickly), into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 

25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
. sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-processing reaction 

Hmdlll-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM Tris-HCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 fiM CTP; 40 fiCi [<x- 32 P]CTP; 12 mM MgCfe 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/jtl). Aliquotsf of 5 jil were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Software,Reeding f PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = (1 -e^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. NatL Acad. Sci. USA 
91,6977). 

Linear templates were prepared by digesting the plasmids with Hindlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end (see Figure 23-25) . By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (Table 44) . The HH transcript self-processes 2- 
fold faster than HDV and 3-foid faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al., 1990 supra; Chowrira & 
Burke, 1991 supra) . The rate of HH self-cleavage during transcription 
measured here (1.2 mfrr 1 ) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 supra using a HH that has a different stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al., 1992 supra) . This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV construct used here. 
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Exam ple 24: Effect of downstream sequences on trans-cleavage in vitro 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identicaH/vith the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
10 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
15 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed fn a 
standard transcription buffer in the presence of [a-3 2 P]CTP (Chowrira & 
Burke, 1991 supra) . The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 |xl 
DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1jiM) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCfe) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 |xl were taken at regular time intervals, 
30 . quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylarnide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale, 
CA). 

35 The HH trans-acting ribozyme cleaves the target RNA approximately 

10-fold faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Figure 28) , The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozyme (Figure 23) . This interaction must be disrupted (at a 
cost of 6 kcal/moie) to make the trans-acting ribozyme available for binding 

5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3* target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 

1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive Interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-processing in vivo 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse cell line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Elroy-Stein and Moss, 1990 
Proa Natl. Acad. Sci. USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown in 6-well plates with ~ 5x1 0 5 cells/well. 
Cells were transfected with circular plasmids (5 jig/well) using the calcium 
phosphate : DNA precipitation method (Maniatis et al. a 1982 supra) . Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 pi/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi, 1987 
Anal. Biochem T 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chlorofomv.isoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 



NUC 37698 



WO 95/23225 



PCT/IB95/00i56 



94 

M ammonium acetate and reprecipttated with ethanol The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 ng/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2+ , and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/|il; BRL) in a buffer containing 50 
mM TrisHCi pH 8.3; 10 mM DTT; 75 mM KCI; 1 mM MgCfe; 1 mM each 

10 dNTP. The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer, S'-CTCCAGTTTCGAGCTTT-S'; HDV primer, 5- 

15 AAGTAGCCCAGGTCGG ACC-3 1 ; HP primer, 5'- 
ACCAGGTAATATACCACAAC-3^ 

As shown in Figure 29. specific bands corresponding to full-length 
precursor RNA and 3 4 cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 " In Vitro +MgCl2" vs. "Cellular*). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products (Figure 29) . The latter result strongly 

30 suggests that the primer extension band corresponding to the 3* cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer EDTA is a strong chelator of divalent 



NUC 37699 



WO 95/23225 PCMB95/00156 

95 

metal ions such as Mg 2+ and Ca 2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3' cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non- 
transfected OST7-1 lysates after cell lysis. Thus, only if self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg 2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg 2+ required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373). The full-length precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis (Figure 29. in vitro *-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCl2 prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure 29. in vitro "+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of self-processing. By this analysis, the 



WO 95/23225 PCT/IB95/00156 

96 

vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

10 In addition, those in the art will recognize that Applicant provides 

guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

1 5 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

IV. Ribozymes Expressed by RNA Polymerase III 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III). based system, can be significantly 
enhanced by ensuring that the RNA is produced whh the 5' terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5* terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol ill gene 

unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al„ 1982 Ce/f 29, 3-5), 5S RNA (Nielsen et aL, 
1993, Nucleic Acids Res. 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22, 405-413), U6 snRNA (Gupta and Reddy, 1990 
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BioL Chem. 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5* 
and 3' ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 

1 0 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5* terminus and the 3* region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

15 accumulation. 

Thus, in one preferred embodiment the invention features a pol III 
promoter system (e.g.. a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA (e.g.. a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol ill promoter 

and a tRNA gene* Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5* terminus or region able to base-pair 
with at least 8 bases of a complementary 3* end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
* 30 in a 3* hydroxyl or 5' phosphate or 5' cap moiety. By "region" is meant a 
stretch of bases 5* or 3 1 from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By "3 1 region" is meant a stretch of bases 3 1 from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3 l region can be 
designed to include the 3* terminus. The 3' region therefore is > 0 
nucleotides from the 3' terminus. For example, in the S35 construct 
described in the present invention (Fig. 40) the 3* region is one nucleotide 
from the 3' terminus. In another example, the 3* region is - 43 nt from 3' 
1 0 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 100 bases of the 3' terminus. 

By "tRNA molecule* is meant a type 2 pol III driven RNA molecule that 
15 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule* is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

25 might contain an intramolecular base-paired structure between the 3' 
region and complementary 5* terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol ill promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA interactions and 
alters the activity of the target RNA (Eguchi et al.« 1991 Annu. Rev. 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 J. American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

15 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a iigand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific Kgand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing it from binding to TAR sequences encoded in the HIV 
25 RNA (Sullenger et al., 1990 Cell 63, 601-608), This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et al., 1992 Proc. Natl Acad. ScL USA 89, 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5 1 terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs. 

15 In preferred embodiments, the 5* terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £ 8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3 1 end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5' 
terminus of the RNA and a complementary 3' region within the same RNA, 
and includes at least 8 bases; and the 5' terminus is able to base pair with 
at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51.. 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol III promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res, & 
Human Retroviruses 9, 483-487; Yu et al., 1993 P.A/.AS.(USA) 90, 6340- 

15 6344). However, pol 111 based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping" functions in all cell types. Therefore, pol III promoters are 
likely to be expressed in all tissue types. Finally, pol III transcripts from. a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in the entire treated cell population, regardless of the 
integration site. 
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Pol HI System 

The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAj me * gene and 
termed A3-5 (Fig. 33: Adeniyi-Jones et al. a 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al., 1990 MoL Cell. BioL 10, 6512- 
6523). This element was Inserted into the DC retroviral vector (Sullenger 
et al„ 1990 MoL CelL BioL 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et aL, 1990 MoL CelL 
10 BioL 10, 6512-6523; Sullenger et aL, 1990 Ce//63, 601-608; Sullenger et 
ah, 1991 J. ViroL 65, 6811-6816; Lee et al., 1992 The New Biologists 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 
1 5 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fig. 34) . On average, 
ribozymes were found to accumulate to less than 100 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 
ribozyme transcripts (Fig. 34) . One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase In ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 
achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1 992 Curr. Opin. Genet. Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTeohniques 6, 616-629), 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to. complementary 
nucleotides at the 5' terminus, which includes the 5 1 precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
10 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

1 5 The use of a truncated human tRNAj met gene, termed A3-5 (Fig. 33: 

Adeniyi- Jones et at., 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullenger et al. f 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj me * sequences. The truncated tRNA genes were placed 
into the U3 region of the 3' moloney murine leukemia virus vector LTR 
(Sullenger et al., 1990 supra). 

Base-Paired Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as *A3-5/HHr) into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Fig. 35) . To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements (Fig. 34) 
into one of the ribozyme chimeras (A3-5/HHI). 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends of the 
transcript fRoure 34) . The second strategy involved modification of the 3 1 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3' end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj met domain, and S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras (Figure 34) . These stem-loop structures are 

1 0 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et a!., 1985 supra) and CEM (Nara 
& Rschinger, 1988 supra) cell lines were established (Curr. Protocols Moi 

15 Biol 1992, ed. Ausubel et ah, Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Rgures 40-47. 

Referring to Figure 48. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3* of the intramolecular stem. A specific example 
of such a construct is provided in Figures 50 and 51 . 

Example 26: Cloning of A3-5-Ribozvme Chimera 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5' GATCCACTCTGCTGTTCTGTTTTTGA 3' 
30 and 5' CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 iiM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCl, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCl2, 50 mM NaCI, 0.5 
mM each of the four deoxyribopucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (BamHI and MM) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
1 0 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCl2, 10 mM DTT, 0.066 \iM 
ATP and 0.1U/^I T4 DNA ligase {US Biochemicals). 

Competent E. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°Cfor~18h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al„ Curr. Protocols Mol. 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sadl and SamHl restriction sites. 

Example 27: Northern analysis 

RNA from the transduced MT2 ceils were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed {Fig. 35.36) . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure 35.36) . The pattern of 
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expression seen from the A3-5/HH! ribozyme chimera was similar to 12 
other ribozymes cloned into the A3-5 vector (not shown), in MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3* end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fig. 35.36) . The S5 construct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 
levels (Fig. 35.36) . 

Interestingly, the S35 construct expression in MT2 cells was about 
10 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Pig. 35,36) . This may be due to increased stability of the S35 transcript 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

15 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37) . Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 2$: Clonal varfctipn 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line (Cum Protocols Mot. Biol. 1992, 
ed. Ausubel et aL, Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured (Figure 38 and 39) . 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in done G to 11,000 molecules per cell in clone H (Fig. 



NUC 37711 



WO 95^3225 



PCI7IB95/00156 



107 

38). The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to determine 

15 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Design and construction of TRZ-tRN A Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif (Figure 52) . A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fig. 53-54. a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig. 53) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fig. 55) . Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40-47 and 50 - 54 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
10 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozyme expression in T cell lines 

Ribozyme "expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S35/HHI) expressed from pol III metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectively expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metj tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Lioated Ribozymes are ca talvticallv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et ah, PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA (Fia. 58) or long (622 nt) RNA (Ha. 59. 60 and 61) ., 

Matched substrate RNAs were chemically synthesized using solid- 

10 phase RNA synthesis chemistry (Scaringe et aL, 1990 Nucleic Acids Res. 
18, 5433-5441). Substrate RNA was 5* end-labeled using fy- 3 2p] ATP and 
polynucleotide kinase (Curr. Protocols Mol. Biol. 1992 f ed. Ausubel et aL, 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat/KM; Herschlag and Cech, 1990 Biochemistry 29. 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 mln 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCfe. 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C. Aliquots of 5 |xl were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer (Curr. Protocols Mol. Biol. 1992. ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering t o Fig. 58. -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 Supra) . RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PCR amplified template using T7 RNA polymerase. The transcript 
was internally labeled during transcription by including [a- 32 P] CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 



NUC 37714 



WO 95/23225 



PCT/IB95/00156 



110 

treated with DNase-1 , following transcription at 37°C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4°C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (k C at/KM) 
conditions [Herschlag and Cech 1990 supra] . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2* The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 \i\ were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhead ribozvmes with > 2 base-paired stem II are 
catalytically active 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme (> 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et al . T 1990 supra). 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures . 
$2, 63 and 64 , data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with > 2 base-paired stem II region 
are catalytically active. 

30 Example 35: Synthesis of catalytically active hairpin ribozymes 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5' and 3' fragments. The 3' 
fragments are phosphorylated and ligated to the 5* fragment essentially as 
described in example 37. As is evident from the Figure 65. the 3' and 5' 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAAA sequence. When this structure hybridizes to a substrate, a 
ribozyme-substrate complex structure is formed. While helix 4 is shown as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with 1-5 nM 5' 
5 end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times in 50 
mM Tris/HCI pH 7.5, 10 mM MgCl2 and shown to cleave the substrate 
efficiently (Fiq,66) . 

The target and the ribozyme sequences shown in Fia, 62 and 65 are 
10 meant to be non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using other sequences and 
techniques generally known in the art. 

M Constructs of Hairpin Ribozymes 

There follows an improved trans-cleaving hairpin ribozyme in which a 
15 new helix (/.a, a sequence able to form a double-stranded region with 
another singie-stranded nucleic acid) is provided in the ribozyme to base- 
pair with a 5' region of a separate substrate nucleic acid. This helix is 
provided at the 3' end of the ribozyme after helix 3 as shown in Figure 3. In 
addition, at least two extra bases may be provided in helix 2 and a portion 
20 of the substrate corresponding to helix 2 may be either directly linked to the 
5' portion able to hydrogen bond to the 3* end of the hairpin or may have a 
linker of atleast one base. By trans-cleaving is meant that the ribozyme is 
able to act in trans to cleave another RNA molecule which is not covalently 
linked to the ribozyme itself. Thus, the ribozyme is not able to act on itself 
25 in an intramolecular cleavage reaction. 

By "base-pair" is meant a nucleic acid that can form hydrogen bond(s) 
with other RNA sequence by either traditional Watson-Crick or other non- 
traditional types (for example Hoogsteen type) of interactions. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
30 helix 5) has several advantages. These include improved stability of the 
ribozyme-target complex in vivo . In addition, an increase in the 
recognition sequence of the hairpin ribozyme improves the specificity of the 
ribozyme. This also makes possible the targeting of potential hairpin 

RECTIFIED SHEET (RUtf flj) 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu et a/. t 1993 Nucleic Acids Res. 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation (in vitro and in vivo) can be enhanced several fold. 

1 0 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

15 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-a) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72. HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI. Chemical Modification 

Oligonucleotides with 5-Oalkvl Group 

The introduction of an alkyl group at the S'-poshion of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to Fig. 75. the general structures of 5-C-aIkylnucleotides 
30 belonging to the D-allose, 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars o-allose and L-talose 
(Ri = CH3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of 5'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA, and also as antisense oligonucleotides. As 
the term is used in this application, S'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5*-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramoleculariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are 5'-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the 5'-C-aIkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if a 5-C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features. 5-C-alkylnucleosides, that 
is a nucleotide base having at the 5-position on the sugar molecule an 
alkyl moiety. In a related aspect, the invention also features 5'-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar. 

5 Examples of various alkyi groups useful in this invention are shown in 

Figure 75. where each Ri group is any alkyL These examples are not 
limiting in the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 
=0, =S, NO2 or N(CH3)2, amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

15 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S, N0 2 , halogen, N(CH 3 ) 2 , amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, NO2 or N(CH 3 ) 2 , amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated 71 electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyi, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

10 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a S'-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5-position an alkyl 
group. In other related aspects, the invention features 5-C-aIkylnucleoti'de 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The S-C-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. . 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particuiary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 1. the preferred sequence of a hammerhead ribozyme 
in a 5 4 - to 3-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 5 -C-alkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Figure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5-C-a(kyl-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Synthesis of Hammerhead Ribozy mes Containing S'-C-Alkvl- 
nucleotides & Other Modified Nucleotides 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman,N.; Ogilvie.K.K.; Jiang.M.-Y.; 

20 Cedergren,R.J. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe,S.A.; FrankIyn,C; Usman.N. Nucleic Adds Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5-end, and phosphoramidites at the 
3-end (compounds 26-29 and 56-59). These ff-C-alkyl substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta vims, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl-2.3-CtlsoDroDylidi ne-6-Deoxv-p>D-allofuranosiHQ (A) 

30 A suspension of L-rhamnose (100 g, 0.55 mol), CUSO4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C. A solution of p-toluenesufonylchloride (107 g , 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL), water (2 x 300 mL), sat. NaHC0 3 (2 x 300 mL), brine (2 x 300 . 
mL), dried over MgS04 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
1 0 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Methvl'2.3-0-lsoDropvlidine-5- 0-/-Butvldiphenvlsilvl^ 
Deoxv-ft-D-Allofuranoside (5). 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgN03 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsilyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHC03 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS0 4 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5^^Butvldiphenvlsilvl>6-- Deoxv>p^AI|ofuranoside 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF 3 COOH:dioxane:H 2 0 / 2:1:1 (v/v/v, 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH 4 OH(140mL) and extracted with CH2CI2 (500 mL). The organic layer 
was separated, washed with sat. NaHCC>3 (2 x 75 mL), brine (2 x 75 mL), 

30 dried over MgSCX* and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH 2 CI 2 . Yield 
9.0 g (76%). 
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Example 41: Methyl-2.3-di-0-Ben20vl-5'Q'f'Butyldiphenylsilyl-6'Deoxy"P- 
p-AHofuranoside (7), 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 

5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 16 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat NaHC03 (2 x 75 mL), brine (2 x 75 mL) dried over MgS04 
and evaporated to dryness. The product was purified by flash 

1 0 chromatography In CH2CI2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-C>Acetvl-2.3-di-0-benzovl-5-0-f-ButvidiDhenvlsilvl>6> 
Deoxv-ft-D-AHofuranosa tB\ 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), AC2O (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

1 5 cooled 0 °C. 98% H2SO4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured into a cold 1:1 mixture of sat 
NaHCC>3 and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS04, 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and p isomers). 

Example 43: 1 ^'.S^dt-O-BenzoyNy-O-f-Butvldiphenvlsilvl-S'-Deoxy^D- 
AllofMranosyQuracil (9) T 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmo!) in dry CH3CN (100 mL), followed 
30 by CF3S03SiMe3 (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with sat. NaHCOs (2 x 50 mL), brine (2 x 50 mL) 
dried over MgS04, and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH2CI2. Yield: 
35 5.7 g (80%). 
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Exam ple 44: A^ BenzoyM ^'.S'-D hQ-Benzovl-S^O-f-Butvidiphenvlstlyl-e^ 
Deox y-p-D-AllofuranosyI)Cytosine (1 01. 

A^-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 

5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL), followed 
by CF3S03SiMe3 (4.76 g, 21.4 mmol). The reaction mixture was boiled 

1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHC03 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgSC>4 and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: A£-Benzoyl-9-(2\3^di-(>Benzo^^ 
Deoxy-ft-P-Allofuranosvnadenine (11). 

A/^benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
N coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN.(100 mL) followed 
by CF3S03SiMe3 (6,59 g t 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 1 1 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH 2 CI 2 . Yield: 2.7 g (60%). 

Example 46: A£-lsobutvrvl-9-f2\3'^ 
30 e'-Deoxy-g-p-AtlofuranosyPquanine (12). 

A^-lsobutyrylguanine (1 .47 g , 1 1J2 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 



NUC 37724 



WO 95/23225 



POYIB95/00156 



120 

solution of of acetates 8 (3.4 g t 5.3 mmoi) in dry CH3CN (100 mL) followed 
by CF3S03SiMe3 (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat NaHCOa (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH 2 CI 2 . Yield: 2.1 g (54%). 

Example 47: A^-Benzoyl^-fg^'-di-Obenzovl-e^Deoxv^-D-Allofurano- 
syfladenine (15). 

10 Nucleoside 11 (1,65 g ( 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: A6-Benzoy^9-(2^3 , K^i-OBenzoyl-5 , -0■Dimethoxvtrityl-6 , - 
Deoxy-p-o-Allofuranosyl)-3denine f19). 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH2CI2 (50 
mL). AgN03 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH2CI2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH2CI2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: /VS-Benzovl-9^5^aDimethoxytrityl -6 , -Deoxv-p--D^AIIo> 
25 furanosyfladenine (23^. 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
. was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH2CI2 yielded 1.1 g (80%) of 23. 
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Exam ple 50: /VS-Benzovl-Q-^S'-O-Dime^^ 
e'-Deoxv-p-o- AUof u ranosy ^adenine (27) . 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgN03 (0.4 g, 2.3 mmol) were added. After 

5 the AgN03 dissolved (1.5 h) p f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL), filtered into sat. 
NaHC03 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgSCU and evaporated to dryness. The product 27 was 

10 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51: Ag-Benzoyl-Q^S'-aDimethoxytri^ 
6 t -Deoxv-p-D-Allofuranosyl)adenine-3 , >f2-Cyanoethvl A/.A/-diisopropyl- 
phosphoramidite) (31). 

15 Standard phosphitylation of 27 according to Scaringe.S.A.; 

Franklyn,C; Usman,N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Methvl-5-a/>Nitrobenzovl-2.3-Q-lsopropyfidine-6-deoxv>p4-- 
Tallofuranoslde (51 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHCC>3 (2 x 75 mL), 
brine (2 x 75 mL) dried over MgS04 and evaporated to dryness. 
* Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 

The alkyl substituted nucleotides of this invention can be used to forni 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al. a PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site O were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCl2 as 
described above. 

Applicant has substituted ff-C-Me-L-talo nucleotides at positions A6, 
10 A9, A9 + G10, C11.1 and C11.1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH-O 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-01, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2 , -Deoxy-2'-Alkvlnucleotide 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, 2'-deoxy-2'-aIkylnucIeotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramoleculariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are ^-deoxy-^-alkylnucIeotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et al applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-a!kyI group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2 1 -alkyI-containing 

5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then It has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 

1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2 , -deoxy-2 t - 
alkylnucleotides, that is a nucleotide base having at the 2'-position on the 
sugar molecule an alkyl moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic iacids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 81. where each R group is any alkyl. The term "alkyl" does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl" is 
defined as described above, where the O is adjacent the 2-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2'-alkyInucleotides 

25 (preferably not a 2-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a ^-deoxy-^-alkylnucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at Its 2-position an alkyl group. In other 

30 * related aspects, the invention features ^-deoxy-^-alkyinucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. . 

The 2-atkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions In the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
10 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et al. supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5*- to 3'-direction of the catalytic core is CUGANGAGfbase paired 
with]CGAAA. In this invention, the use of 2 -C-alkyI substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2-O-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et al Biochemistry 1 992, 31, 
5005-5009 and Paolella et al. , EMBO J. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all 2'-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressive nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2 , -substitutions on stability and 
activity, a ratio 6 was calculated (Table 45). This 6 value indicated that all 
modified ribozymes tested had significant, >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in 6 indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the 2-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2'C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2 -G-alkyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of Hammerhead Riboz vmes Containing 2'-Deoxy- 
2 , -Alkylnucleotides & Other 2-Modified Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman,N.; Ogilvie,K.K.; Jiang,M.-Y.; 
Cedergren.R.J. J. Am, Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe,S.A.; Franklyn,C; Usman,N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5-end, and phosphoramidites at the 
3'-end (compounds 10, 12, 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2'-modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et al International Publication No. WO 92/07065; and 5 Kois ef a/. 
Nucleosides & Nucleotides 1993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2'-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group It intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozvme Activity Assay 

Purified 5*-end labeled RNA substrates (15-25-mers) and purified 5'- 
5 end labeled ribozymes (~36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 mL The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCfe. Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Exam ple 55: Stability Assay 

500 pmol of gel-purified S'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 °C incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15, 30, 45, 60, 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56: 3\5'-CKTetraisopropvl-disiloxane-1 .a -divn-g-O-Phenoxy thio- 
carbonyl-Uridine (7) 

To a stirred solution of S'.S'-CMtetraisopropyl-disiloxane-l ,3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAc:hexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

10 Example 57: S'.ff-O-fTetraisopropvl-disiloxane-I.S-diyn^'-C-Allvl -Uridine 

m 

To a refluxing, under argon, solution of ^^'-O-ftetraisopropyl- 
disiloxane-l^-diylJ-^-Ophenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Example 58: S^O-Dimethoxvtritvl-^C-AIM-Uridine (9) 

20 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfiuoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chloroform:methanol / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: S^ODimethoxvtritvi^-C-AlM-Uridine 3'-(2-Cvanoethvl A/.M 
diisopropvlphosphoramidite^ (10^ 

S'-O-Dimethoxytrityl-a'-C-allyl-uridine (0.64 g, 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. A/,/V-Diisopropylethyl- 
5 amine (0.39 mL, 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl tyAWiisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
1 0 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: 3\y-Q-n"etr^isopropvl-disiloxane>1.3-diyn-2 , -C^AIIyf-^ 
Acetyl-pytidine (11) 

15 Triethylamine (6.35 mL f 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1,2,4-triazole (5.66 g f 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.1 1 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of S'.S'-O-fletraisopropyl-disiloxane- 
1 ,3-diyI)-2'-C-allyI uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1,4-dioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (ch!oroform:methanol / 
9:1) showed complete conversion of the starting material. The solution was 
. evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 



r 
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Exam ple 61: 5 , ^Dimethoxvtritvl-2 , ^AIM-/Vi-Acetvl>Cvtidjne 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: S^aDimethoxytritvKg-C-alivl-AjA-Acetvl-Cvtidine 3'-f2- 
5 Cyanoethyl A/./V-ditsopropvlphosphoramidite^ (12) 

. 2-0-Dimethoxytrityl-2 , -C-a!lyl-A/ 4 -acetyl cytidine (0.8 g, 1.31 mmol) 
was dissolved in dry dichloromethane under argon. W,/V-Diisopropylethyl- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,W-diisopropylchlorophosphoramidite (0.38 mL, 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of diy methanol. After stirring for 5 m, the 
mixture was concentrated in vacuo (40 °C) and purified by flash 
chromatography on silica gel using chioroformrethanol / 98:2 with 2% 

1 5 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam. 

Example 63: 2*-DeoxY-2 , -Methvlene-Uridine 

2'-Deoxy-2 , -methylene-3' f 5 , -0-(tetraisopropyldislloxane-1 l 3-diyl)- 
uridine 14 (Hansske.F.; Madej.D.; Robins,M. J. Tetrahedron 1984, 40, 125 
• and MatsudaA; Takenuki.K.; Tanaka,S.; Sasaki,T.; Ueda ( T. J. Med Chem. 
20 1991, 34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated jn vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. a'-Deoxy-^-methylene-uridine (1.0 g f 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH2CI2. * 

25 Example 64: S'-ClDMT^'-Peoxv-^Methvlene-Uridine (15) 

^-Deoxy-^-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCC>3, water and brine. The organic extracts were 
dried over MgS04, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%). 
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Exam ple 65: 5'-Q-DMT-2MDeoxv-2'-Methvlene-Uridine 3'-(2-Cvanoethvl 
N. A/-diisopropvlphosphoramidite) (1 7) 

l^a'-Deoxy^-methylene-S'-O-dimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropylethylamine (0.28 mL f 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyt W,W-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
1 0 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethylamine, 
as eluant R( 0.42 (CH 2 CI 2 : MeOH / 15:1) 

Example 66: 2 , -Deoxv-2'-Dif luoromethvlene-ff.ff-O-rr etraisopropyldisilox- 
ane-1 .3-diylVUridine 

15 2 , -Keto-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 
Deoxy^'-difluoromethylene-S'.S'-O-^etraisopropyldisiloxane-I.S-diyi)- 
uridine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2 , -Deoxy-2 , -Difluoromethylene-Uridine 

25 2 , -Deoxy-2 , -methy!ene*3 , ,5 , -0(tetraisopropyldisiloxane-1 l 3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
^-Deoxy-^-difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH in CH 2 CI 2 . 

Example 68: S'-O-DMT^'-Deoxv^-DifluoromQthvlene-Uridine fig) 

2'-Deoxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine. The 
organic extracts were dried over MgS04, concentrated in vacuo and 
5 purified over a silica gef column using 40% EtOAc:hexanes as eluant to 
yield 5'-0-DMT-2'-deoxy-2 , -difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: S'-aDMT^Deoxv^-Difluoromethvien e-Uridine 
Cvanoethyl A/.A/-diisopropylphosphoramidite) (18) 

1 0 1 -(2 , -Deoxy-2'-dif luoromethylene-S'-Odimethoxytrityl-p-D-ribof urano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.48 (CH 2 CI 2 : MeOH / 15:1). 

20 Example 70: 2 t -Deoxy-2 , -Methvlene-3 , .5 , -afTetraisopropvldisiioxane-1 .3- 
diyl)-4-A/-Acetyl-Cytidine 2Q 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL, 6.8 mmol) and 1,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of 2 , -deoxy-2 , -methylene-3 , t 5 , -0(tetraisopropyldi- 

25 siloxane-1,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHCC>3 (1 x 100 mL). The 
organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat 
NaHC03 (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH2CI2 (2 x 100 mL) and washed with 5% NaHC03 (1 x 100 mL). The 
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organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel a'-Deoxy-a-methylene-S'.S'-O- 
(tetraisopropyldisiloxane-l^-diyO^-W-acetyl-cytidine 20 (1.3 g f 2.5 mmol, 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71: l-te'-Deoxv-g'-Methvfene-S^O^ 
furanosvn-4-A/-Acetvl-Cvtosine 21 

2 , -Deoxy-2 , -methylene-3^5 , -0-(tetmisop^opyIdisiIoxane-1 l 3^l)-4«/^ 
acetyl-cytidine 20 (1.3 g, 2.5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

1 0 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2-Deoxy-2-methyIene-4-/V-acetyl-cytidine (0.56 g, 1.99 mmol, 
80%) was eluted with 10% MeOH in CH 2 CI 2 . 2 , -Deoxy-2'-methylene-4-N- 
acetyl-cytidine (0.56 g, 1.99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmol) in pyridine (10 mL) was added 

15 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCC>3 (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgS04, concentrated in vacuo and 

20 purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g f 1.5 mmol, 75%). 

Example 72: 1-{2 , >Deoxv-2 , >Methylene-5 , -0-Dimethoxvtrityhp>D-ribo- 
furanosvlM-A/-Acetvl-Cvtosine 3 , -(2-Cvanoethyl -A/,^diisopropvlphosDhor> 
amidite^ (22) 

25 1-(2 , -Deoxy-2 , -methylene-5 , -0-dimethoxytrityl-p-D-ribofuranosyl)-4-A/- 
acetyl-cytosine 21 (0.88 g, 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
/V,A/-diisopropylchIorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 
- 30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.36 (CH2Cl2:MeOH / 20:1). 
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Example 73: 2 , -Deoxy-2 , >Difluoromethylene'3\5 , --C>fTetraisopropyl 
riifiiloxane-1 .3-divlM- AlAcQtvl-C\rtidine (241 

Et3N (6.9 mL, 50 mmo!) was added to a solution of POCI3 (0.94 mL, 
10 mmol) and 1,2,4-triazole (3.1 g, 45 mmol) in acetonitrile (20 mL) at 0 °C. 
5 A solution of 2 , -deoxy-2 , -difluoromethylene-3 , ,5 , -0-(tetraisopropyldisilox- 
ane-1 ,3-diyl)uridine 23 ([described in example 14] 2.6 g f 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 

1 0 organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL), The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 

15 NaHCOs (5mL). The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaH0O 3 (1 x 100 mL). The 
organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2 , -Deoxy-2 , -difluoromethylene- 
S'.S'-O-^etraisopropyldisiloxane-ltS-diyiJ^W-acetyl-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: l-^-Peoxy^'-Difluoromethvlene-S^O-Dimethoxvtrityf^D- 
ribofuranosyi)-4-<V-AcetylOytosine (25) 

2 , -Deoxy-2 , -difluoromethylene-3',5 , -0(tetraisopropyldisiloxane-1,3- 
diyl)-4-A/-acetyl-cytidine 24 (2.2 g, 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2-Deoxy-2 , -difluoromethylene-4-A/-acetyl-cytidine (0.89 
g, 2,8 mmol, 72%) was eluted with 10% MeOH in CH2CI2. 2-Deoxy-2'- 
difluoromethylene-4-W-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHC03 (50 mL), water (50 mL) and brine 

35 (50 mL). The organic extracts were dried over MgS0 4 , concentrated in 
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vacuo and purified over a silica gel column using EtOAcrhexanes / 60:40 
as eluant to yield 25 (1.2 g, 1.9 mmol, 68%). 

Example 75: l-^^Deoxv^^Difluoromethylene-S^aDimethox^rityl-p-cv 
ribofuranosvlM-AZ-Acetylcytosine 3W2-cyanoethyl-N»N-diisopropvlphos- 
5 phoramidite) (26) 

l-^-Deoxy-^-difluoromethylene-S 1 -^ 
syl)-4-W-acetylcytosine 25 (0.6 g, 0.97 mmol) dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl A/,A/-diisoprt>pylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26, a white foam (0.52 g, 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

1 5 containing 1 % triethylamine, as eluant. Rf 0,48 (ChfeC^MeOH / 20:1). 

Example 76: 2 , -KetCH3\5 , -arretraisoDroDvldisiloxane^.3-diyl)-6-A/-f4^- 
Butvlbenzoyf)-Adenosine (28) 

Acetic anhydride (4.6 mL) was added to a solution of S'.S'-O-^etraiso- 
propyldisiloxane-I.S-diyO-e-W^-f-butylbenzoyO-adenosine (Brown, J.; 

20 Christodoiou, C; Jones,S.; ModakA; Reese.C; Sibanda,S.; Ubasawa A. 
J. Chem .Soc. Perkin Trans. /1989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgSC>4 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2 , -keto-3 , l 5 , -0-(tetraisopropyldisiloxane-1 l 3-diyl)-6-W-(4-f-butylben- 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%). 

Example 77: g-Deoxv^'-methvlene-a '.S'-OfTetraisopropvldisiloxane-l .3- 
divl)-6-AM4-l-Butylbenzoyl)-Adenosine (29) 

30 Under a pressure of argon, sec-butyllithium in hexanes (1 1.2 mL, 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2 4 -keto- 
3 , ,5 , -0(tetraisopropyldisiloxane-1,3-diyl)-6-W-(4^butylbenzoyl)-adenosine 
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28 (4.87 g t 7-3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT, stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H2O (20 mL) t 5% aqueous NaHC03 
(20 mL), H2O to neutrality, and brine (10 mL). After drying (Na 2 S04), the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ether.EtOAc / 7:3 afforded pure 2'-deoxy-2 , -methylene-3' f 5 , -0-(tetraiso- 
10 propyldisiloxane-1,3-diyl)-6-A/-(4-^utylbenzoyl)-adenosine 29 (3.86 g f 5.8 
mmol, 79%). 

Example 78: 2 , -Deoxy-2 , 'Methylene-6-A/-f4>f-ButvlbenzoylVAdenosinQ 

2 , -Deoxy-2 , -methylene-3 , t 5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-M 
(4-f-butyIbenzoyI)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. ^-Deoxy^'-methylene-e-A/-^-*- 
butylbenzoyl)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH 2 C! 2 . 

20 Example 79: 5 , >ODMT-2 , -Deoxv>2 y -Methvlene-6-A/-(4-f-Butvlbenzoy l )- 
Adenosine (29) 

2'-Deoxy-2 , -methylene-6-A/-(4~f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL> was added dropwise over 15 m. 
25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHCOs, 
water and brine. The organic extracts were dried over MgS04, 
concentrated in vacuo and purified over a silica gel column using 50% 
• 30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1.1 mmol, 62%). 

Example 80: 5 , -ODMT-2 , -Deoxy-2 , -Methvlener6«A/-f4-f-Butvlbenzoyl)- 
Adenosine 3 , -(2-Cyanoethyl A/./V-diisopropvlphosphoramidite) f31) 

^(^-Deoxy-^methylene^'-O-dimethoxytrityl-p-D-ribofuranosyO-e-A/- 
(4-f-butylbenzoyi)-adenine 29 dissolved in dry CH2CI2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N,N- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethano! (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant (0.7 g, 0.76 mmol, 68%), Rf 0,45 
(CH 2 CI 2 : MeOH/20:1) 

Example 81: 2 , >Deoxv-2-Difluoromethvlene-3 , .5 , >0>rretraisoDroovldisilox^ 
10 ane-1 .3<tiyl)-6-/V-(4-M3utYlbenzovlVAdenosine 

2 , -Keto-3' t 5 , -0-(tetraisopropyldisiloxane-1 l 3-diyl)-6-/V-(4-f-butyl- 
benzoyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL) f and heated to a bath 
temperature of 160 °C. A warm (60 °C) solution of sodium 

15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of ~1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2- 
Deoxy-2 , -difluoromethylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1 i 3-diyl)-6-/V- 

20 (4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82: 2 , -Deoxv-2 , -Difluoromethvlene^A/ -r4-f>Butvlbenzoy l )- 
Adenosine 

2 , -Deoxy-2 , -difluoromethylene-3 , ,5 , -t>(tetraisopropyldisiloxane-1 t 3- 
25 diyl)~6-W-(4-f-butylbenzoyl)-adenosine (4.1 g ( 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2 a -Deoxy-2 l -difluoromethyl- 
. ene-6-/V-(4-*-butylbenzoyl)-adenosine (2,3 g, 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH 2 CI 2 . 

Example 83: 5^aDMT-2 , -Deoxv-2 , >Difluoromethvlfi ne^A/-r4-/-Biityl^ 
benzoylVAdenosine (30) 

2 , -Deoxy-2 , -difIuoromethylene-6-A/-(4-f-butylbenzoyl)-adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCC>3, water and brine. The 
5 organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 50% EtOAc:hexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: ff-O-DMT^'-Deoxv^'-Difluoromethvlene-e-A^^f'Butyl- 
henzoyI)-Adenosine 3'-(2-Cvanoethvl /V.AA-diis opropylphosphoramidite) 
10 (32) 

1-(2 , -Deoxy-2 , -difluoromethylene-5 , -OdimethoxytrityI-p-D-ribofurano- 
syI)-6-A/-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1,2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl N,N-diisopropyIchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant Rf 0.52 (CH2CI2: MeOH / 
15:1). 

Example 85: 2 , -Deoxy-2 , 'Methoxycarbonylmethvlidine~3 , .5 , -0-fTetraiso- 
propyfdisiloxane-1 .3-diyl)-Uridine (331 

Methyl(triphenylphosphoranylidine)acetate (5.4 g,. 16 mmol) was 
25 added to a solution of 2'-keto-3\5'-0-(tetraisopropyl disiloxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL), and the solution was 
neutralized with a cooled solution of 2% HCL The organic layer was 
washed with H2O (20 mL), 5% aq. NaHCC>3 (20 mL), H2O to neutrality, and 
30 brine (10 mL). After drying (Na2S04), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ether.EtOAc / 7:3 afforded pure ^-deoxy^ 1 - 
methoxycarbonylmethylidine-y.y-O-ttetraisopropyldisiloxane-I.S-diyl)- 
uridine 33 (5.8 g f 10.8 mmol, 67.5%). 



WO 95/23225 PCT/1B95/00156 



Example 86: 2 , >Deoxv>2 , -Methoxvcarbonvlmethvlidine-Uridine (34) 

Et3N»3 HF (3 mL) was added to a solution of a'-deoxy-^-methoxy- 
carboxylmethylidine-3\5 , -0-(tetraisopropyldisiloxane-1 l 3-diyl)-uridine 33 
(5 g, 9.3 mmol) dissolved in CH2CI2 (20 mL) and Et 3 N (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2'-deoxy-2 , -methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THF:CH 2 CI 2 / 4:1 . 

Example 87: g-O-DMT^^Deoxv^Methoxvcar faonvlmethvHdine-Uridine 
£35) 

10 ^-Deoxy^'-methoxycarbonylmethylidine-uridine 34 (1.2 g t 4.02 

mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 

15 up in CH2CI2 (100 mL) and washed with sat. NaHCC>3, water and brine. 
The organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH 2 CI 2 as an eluant 
to yield S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: S'-Q-DMT^^ Deoxv^^Methoxycarbonylmethvlidine-Uridine 
3 , -r2>cvanoethvl-/V.A/>diisopropvlphosphoramidite^ (36) 

l^'-Deoxy^'^'-methoxycarbonylmethylidine-S'-O-dimethoxytrityl-p- 
D-ribofuranosyl)-uridine 35 (2.0 g f 3.4 mmol) dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamlne 

25 (1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl W,/V-diisopropylchIorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 
• S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 3'-(2- 

30 cyanoethyl-A/,/V-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :MeOH / 9.5:0.5). 



NUC 37743 



WO 95/23225 



PCMB95/00156 



139 

Example 89: 2 > -Deoxv^Caffeoxvmethvlidine-3 , .5 , -Q-rretraisopropy<dN 
siloxane-1.3-divlVUridine 37 

Z'Deoxy-a'-methoxycarbonylmethylidine-S'^-O-ttetraisopropyldi- 
siloxane-1,3-diyl)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgSCU 
and concentrated in vacuo to yield the crude acid, 2'-Deoxy-2- 
1 0 carboxymethylidine-S'.S'-O-ttetraisopropyldisiloxane-l ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 1 0-1 5% MeOH in CHaCI 2 . 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et aL PCT WO 94/02595. 

Oligonucleotides with 3' and/or 5* Dihalophosphonate 

20 This invention synthesis and uses 3' and/or 5 4 dihalophosphonate-, 

e.g., 3* or 5 , -CF 2 -phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et al., PCT/US94/11649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5'- 
and/or 3'-dihaIophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramoleculariy if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides, or modified nucleotides, 
which also contain at least one 5'-dihaIophosphonate and/or one 3*- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5 5+dihalomethylphosphonate in three steps from 1~0-methyl-2,3-0- 
isopropylidene-8-D-ribofuranose 5-deoxy-5-dihalomethylphosphonate is 
described (e.g., for the difluoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside 5'-deoxy-5 4 -dihalomethylphosphonates. These intermediates 

10 may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside S'-deoxy-S'- 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside S'-deoxy-S'-dihalomethylphosphonates into their 

1 5 triphosphates, e.g., 1 4 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5* and/or 3'- 
dihalonucleotides and nucleic acids containing such 5 1 and/or 3- 
dihalonucleotides. The general structure of such molecules is shown 
below. 

o o 

{R 3 0) 2 PCX 2 ^ (R 3 0) 2 PCX 2 ^ 

R 2 Ri CX 2 R t CX 2 R, 

20 (R 3 0) 2 P=0 (R 3 0) 2 P = 0 



where R 1 is H, OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R2 is separately H, OH, or R; each R3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
25 nitrophenyl, or chlorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 

The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzymatic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside ff-deoxy-S 1 - 
30 dihalo and/or S'-deoxy-S'-dihalophosphonates by condensing a 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside ff-deoxy-S'-dihalophosphonate 
and/or a 3 -deoxy-3'-dihaIophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent (J. Chem. Soc, Perkin Trans. 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

10 triphosphates 1, where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn et ai t Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/., Chem. Scr. 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

1 5 analogue inhibitor of purine nucleoside phosphorylase (Halazy et aL % J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester S'-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5-oxygen (Breaker et al. t Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et al. (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methyienephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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One common synthetic approach to a,<x-difIuoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (Irthiodifluoromethyl)phosphonate (3) (Obayashi et at., 
5 Tetrahedron Lett, 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside 5-deoxy-5'-difluoro-rnethylphosphonates from 5'- 
deoxy-S'-iodonuclebsides using 3 were unsuccessful, I.e.- starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et ai (Martin et a/., 
10 Tetrahedron Lett. 1992, 33, 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a,a-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowitz et a/., J. Org. 
Chem. 1993, 58, 6174-6176). Unfortunately, our experience is that 
nucleoside 5-trifIates are too unstable to be used in these syntheses. 

15 The following are non-limiting examples showing the synthesis of 

nucleoside 5 4 -deoxy-5'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of S'-deoxy-S'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nucleoside 5 , -Deoxy-5 , ~ 
difluoromethy lphosphonates 

Referring to Fig. 87 . we synthesized a suitable glycosylating agent 
from the known D-ribose a,a-difluoromethylphosphonate (4) (Martin et at, 
Tetrahedron Lett 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5'- 
difluoromethylphosphonates. 

Methyl 2,3-O-isopropylidene-p-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al. (Tetrahedron Lett 1992, 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (^-MeOH, reflux, 18 h (Szarek et aL, 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H + ), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyl derivative, which was subjected to mild acetolysis conditions 
(Walczak eta/., Synthesis, 1993, 790-792) (Ac 2 0, AcOH, H 2 S0 4 , EtOAc, 
0°C. The desired 1-0-acetyl-2,3-di-0-benzoy!-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylation 

30 of silylated uracil and N 4 -acetylcytosine under Vorbruggen conditions 
(Vorbruggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of F 3 CS0 2 OSi(CH3)3 as a glycosylation 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, et at, Tetrahedron 
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Lett 1987, 28, 3623-3626 and references cited therein) (SnCI 4 as a 
catalyst, boiling acetonitrile) to yield p-nucleosides (62% 6a, 75% 6b). 
Glycosylation of silylated N^-benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside S'-deoxy-S'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HC0 3 ~) column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 31 P-NMR.( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

1 5 8 8.07-7.28 (m, Bz), 6.66 (d, J 1 2 4.5, aH1), 6.42 (s, pH1), 5.74 (d, J 23 4.9, 
pH2), 5.67 (dd, J 32 4.9, J 34 6.6, PH3), 5.63 (dd, J 32 6.7, J 34 3.6, 'oH3), 
5.57 (dd, J 21 4.5, J 23 6.7, aH2), 4.91 (m, H4), 4.30 (m, Cf^CHg), 2.64 (m, 
CH 2 CF 2 ), 2.18 (s, pAc), 2.12 (s, oAc), 1.39 (m, CH 2 Ctf 3 ). 31 P S 7.82 (t, 
J P F 105.2), 7.67 (t, J P F 106.5). 6a: 1 H 8 9.11 (s, 1H, NH), 8.01 (m, 11H, 

20 Bz,' H6), 5.94 (d, J r<2 ' 4.1, 1H, HV), 5.83 (dd, J 5 6 8.1, 1H, H5), 5.79 (dd, 
J 2 \V 4.1. 6.5, 1H, H2') ( 5.71 (dd, J 3 « 2 . 6.5,' J 3 . |4 . 6.4, 1H, H3'), 4.79 
(dd, J 4 . 3 . 6.4, J 4 « F 11.6, 1H, H4'), 4.31 (m, 4H, CH 2 CH 3 ), 2.75 (tq, J HF 
19.6, 2H, CH 2 CF 2 ), 1.40 (m, 6H, CH 2 CH 3 ). 31 P 8 7.77 (t, J PF 104.0). 8c: 
31 P (vs DSS) (D 2 0) 8 5.71 (t, J PF 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed (H 2 0) 271 nm and 233 nm, confirming that 
the site of glycosylation was N-7, 

Example 91:Synthes?s of Nucleic Acids Containing Modified Nucleotide 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman et a/., J. Am. Chem. Soc. 1987, 1 09 1 
7845-7854 and in Scaringe ef a/., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3-end 

35 (Figure 88 and Janda et a/. f Science 1989, 244:437-440.). These 
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nucleoside S'-deoxy-S'-difluoromethyiphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides. They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in pig. 89. according to known procedures. Nucleic Add Chem., 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3* dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
1 5 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with Amido or Peptido Modification 

This invention replaces 2-hydroxyl group of a ribonucleotide moiety 
with a 2'-amido or 2-peptido moiety. In other embodiments, the 3' and 5' 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 

5 addition, either R-| or R2 is H or an alkyl, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, e^, R3NR4 where each R3 and R4 independently is 
. hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Le^ an amide), an alkyl group, or 

10 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R-j, R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
1 5 complex structural form than DNA because of the presence of the 2- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2' position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2'-amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3* or 5* nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the ^-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "O - may be 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
15 Sproat, supra). 

Example 93: General procedure for the preparation of ^-aminoacyl^ 1 - 
deoxy-2 < -aminonucleoside conjugates. 

Referring to Fig, 92 . to the solution of ^-deoxy-^-amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmoi) in methanol 

20 [dimethylformamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1 ,2-dihydroquinoline (EEDQ) [or 1 - 
isobutyloxycarbonyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture is stirred at room temperature or up to 50 
*C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by 1 H NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning 1 H NMR 
resonances for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their 5'-Odimethoxytrityl derivatives and into ff-phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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MJ. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman et aL, 1987 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Fig. 93 . 

The scheme shows synthesis of conjugate of 2 , -d-2'-aminouridine. 
This Is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
1 0 guanosine) and/or abasic moieties. 

Example 94: RNA cleavage by hammerhead ribozymes containing 2'- 
aminoacyl modifications. 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15' positions are modified, individually or in combination, with either 2-NH- 
alanine or 2-NH-lysine. 

RNA cleavage assay in vitro: Substrate RNA is 5' end-labeled using 
[y.32p] ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 

20 amount 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCi and 10 mM MgCl2. The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 pi 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 

Referring to Fig. 95 f hammerhead ribozymes containing 2*-NH- 
alanine or 2-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2*-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacylation of 3'-ends of RNA 

L Referring to Fig. 96. S'-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates linkage of 3*OH 
group with the solid support. 

1L Preparation of aminoacvl-derivatized solid support 

A) Synthesis of O-Dimethoxvtritvl (O-DMT) amino acids 

15 Referring to Fig. 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4-dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHCOa and dichloromethane, organic layer was washed with brine, dried 
(Na2SO<0 and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

B) Preparation of the solid support and its deriv atization with amino acids 

♦ Referring to Fig. 97, the modified solid support (has an OH group 

instead of the standard NH2 end group) was prepared according to 
Haralambidis et al. t Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96: Aminoacylation of 5*-ends of RNA 

L Referring to Fig, 98. 5-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17, 
5973). Aminoacylation of the 5'-end of the monomer was achieved as 
described above and RNA phosphoramidite of the 5-aminoacylated 
monomer was prepared as described by Usman et al„ 1987 supra. The 
phosphoramidite was then incorporated at the 5-end of the oligonucleotide 
10 using standard solid-phase synthesis protocols described above. 

IL Referring to Rg. 99. aminoacyi group(s) is attached to the phosphate 
group at the 5-end of the RNA using standard procedures described 
above. 

VII. Reversing Genetic Mutations 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad. ScL U.S.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 

in a human. 

Referring to Figures 100 and 101 . broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 in one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
10 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

1 5 A second approach targets DNA (Fig. 101) and has the advantage 

that changes may be permanently encoded In the target cell's genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 
. 30 stranded DNA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobel, S., & Dervan, P. (1992), Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J. Am. Chem. Soc. 114. 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S, Design and targeted 
reactions of oligonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globin 

5 gene in vitro. Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad Sci 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 

1 0 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme (see 
Figure 102) . by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian ceils in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionally. Higuchi, M.„ Single, F., Kohler, M., Sommer, B., and 
Seeburg, P. (1993) RNA Editing of AMPA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency Cell 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
vivo the nucleotide base sequence of a naturally occurring mutant nucleic 

5 acid molecule. The method includes contacting the nucleic acid molecule 
jn vivo with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 

10 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter*, as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is distinct from prior 

1 5 methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally altei* is meant that the ability of the target nucleic acid 
25 to perform its normal function (ie.. t transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By "mutant" it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It alfows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type* phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
{i.e., non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, it is possible to screen "for ribozymes 
with catalytic activities different than RNA cleavage. Bartel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic add molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCTAJS94/12976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3), 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
1 5 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein (e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L (1993) In The RNA World. R, Gesteland, R and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -» U and A -» 6). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A->G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi, M. et al. (1993) QeK 75, 1361- 
1370). According to Higuchi gluR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A->l. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

15 The following are examples of the invention to illustrate different 

methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97: Exploiting cellular dsRNA dependent Adenine to Inosine 
converter; 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. Cell f 55. 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A 4 s in this region may be converted to I's and read as G, 

35 converting an A to 1 (G) cannot create a stop codon. The A to I transitions 



NUC 37761 



W09S/23225 



PCT/IB95/00156 



157 

in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell iysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the Iysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/lucif erase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5' to 3'): 

CCCGCGGTAGATCTTTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Figure 104, fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen, San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III site to 
the start of the luciferase coding region is (5' to 3 1 ): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac li site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

5 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and O.OSmM 
EDTA), by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L. & Weintraub, H. 
Ce//55, 1089-1098 (1988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 

complementary or irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

1 5 and 12.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25°C. Next, 1 .5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: Base changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100-104) . 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L. in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett 
Publishers, Inc., Boston,! 987, PP.226-230.). Additionally hydroxyiamine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston, 1987, PP.226- 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass, B.L. in 777© RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston,1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
- by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L. in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to 0 2 -methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine by alkynitrosoureas (Xu, and 
Swann, Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Bartlett 

5 Publishers, Inc., Boston, 1987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L in 777e RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). 9 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targetting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 

Mutant base A T(U) C G 
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1 

2 
3 

5 4 
5 

0 2 -methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978)). 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 
In Vitro Selection Strategy 

Referring to Figure 105. there is provided a schematic describing an 
1 5 approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
20 modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is t using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
25 of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry; A. A. and Joyce, G.F. (1992) £cjenc& 257, 
635-641; Joyce, G. F. (1992) Scientific American 2 67. 90-97) and Szostak 
(Bartel, D. and Szostak, J. (1993) Science 261:1411-1418; Szostak, J. W. 

5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA), Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing activity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VIII. Administration of Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop, i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al., 1976 Proc. Natl. Acad. Sci. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex 1 ' is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

u The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

1 0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved, in addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/. r 

15 International Publication No. WO 92/07065; Perrault et a/., 1990 Nature 
344, 565; Pieken et a/., 1991 Science. 253, 314; Usman and Cedergren, 
1992 Trends in Biochem. Sci . 17, 334; Usman et a/., Internationa! 
Publication No. WO 93/15187; and Rossi et a/., Internationa! Publication 
No. WO 91/03162, as well as Sproat,B. European Patent Application 

20 92110298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 . site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

15 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermoiecular cleaving enzymatic nucleic acids to 
allow release cff therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-loop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

10 plasmid resulting in an R-loop structure (see figure 106) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-ligand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in Enzymol. 145, 235; 
Neuwald et at., 1977 J. Virol. 21,1019; and Meyer et al.. 1986 J. Ult MoL 

15 Str. Res. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-Ioop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the * 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 



NUC 37771 



WO 9503225 



PCT/IB95/00156 



proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1992, supra) . 

5 One of the salient features of this invention is to generate R-Ioops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 

1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme (see 
figure 107) as described by Draper supra. 

Liqand Targeting 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific Jigands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
. plasmid containing an R-loop. Thus, RNA is used to attach the ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA (see figure 108) . This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low, 1994 J. Biol. Qhem. 269, 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1 -(3-Dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDC). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA, This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinytacetylthioacetate. 
The amino linker can be attached at the 5* end or 3* end of the RNA, The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

1 0 increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford et aL t 1984 Cell 37, 
801-813; Kalderon et aL, 1984 £ell 39, 499-509; Goldfarb et a!., 1986 
Nature 322, 641«644)and/or proteins like the transferrin (Curiel et aL, 1991 

1 5 Proc. Natl. Acad. Set, USA 88, 8850-8854; Wagner et aL, 1992 Proc. Natl. 
Acad. Sci. USA 89, 6099-6103; Giulio et aL, 1994 Cell. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et aL, 1983 
Anal. Biochem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res. 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
Science 257, 635-641; Joyce, 1992 Scientific American 267, 90-97) and 
Szostak (Battel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

10 complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
supra) . The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABIE | 



Characteristics of Ribozvmes 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5* of the cleavage 
site. 

Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophHa rRNA, fungal mitochondria, chforopiasts, phage T4, blue- 
green algae, and others. 

RNAseP RNA (M1 RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5 1 of the cleavage site. 
Binds a variable number nucleotides on both sides of the cleavage 
site. 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Figures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3* of the cleavage site. 
Binds 4-6 nucleotides at ff side of the cleavage site and a variable . 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. ■ 

Binding sites and structural requirements not fully determined, 

although no sequences 5 1 of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 

Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 

known member of this class. Found in Neurospora VS RNA (Figure 5). 
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Table 2 

Human iCAM HH Target sequence 



nt. Position Target Sequences 



u 


CCCCAGO C GACGCOG 


23 


CUGAGCU C CTCUGOJ 


26 


AGCueca c uGcaaca 


31 


ojcugoj a cocagag 


34 


UGCORCO C AGAGOGG 


40 


TJCAGAGO U GCAACOJ 


48 


GCAACOJ C AGCCOCG 


54 


DCAGOCa C GCOADGG 


58 


CCOCGCa A UGGCOCC 


64 


TJABGGCO C CCAGCAG 


96 


CCGCACU C COGGOCC 


102 




108 


UCCDGOJ C GGGGCDC 


115 


CGGGGCO C CGUOCCC 


119 


Gcoaxsa u cccagga 


120 


OJCDGUCr C CCAGGAC 


146 


CAGACAH C DGUGOCC 


152 


UOJGUGU C CCCCOCA 


158 


uccccca c aaaagoc 


165 


CAAAAGa C AOCCOGC 


168 


AAGOCAU C COGCCCC 


185 


GGAGGCa C CGOGCUG 


209 


AGCACCU C COGOGAC 


227 


CCCAAGU U GOUGGGC 


230 


AAGUOGU U GGGCAEA 


237 


UGGGCAU A GAGACCC 


248 


ACCCCGO U GCCQAAA 


253 


GUUGCCU A AAAAGGA 


263 


AAGGAGU V GCDCCDG 


267 


AGOOGCa C CT3CC0G 


293 


AAGGOGU A DGAACUG 


319 


AGAAGA0 A GCCAACC 


335 


ADGOGCU A UUCAAAC 


337 


GUGCUATJ U CAAACUG 


338 


UGCOAUU C AAAOJGC 


359 


GGGCAGO C AACAGCU 


367 


AACAGCU A AAACCDU 


374 


AAAACCU U CCUCACC 


375 


AAACCDU C CUCACCG 


378 


ccaucca c accgogo 



nt. Position Target Sequences 



386 


ACCGOGO" 


A 


CuGGACa 


394 


COGGACD 


C 


CAGAACG 


42Q 


CACCCCU 


C 


CCCDCIXJ 


425 


cucccea 


C 


UUGGCAG 


427 


ccccoca 


a 


GGCAGCC 


450 


AGAACCU 


a 


ACOCOAC 


451 


GAACCUU 


A 


CCCUACG 


456 


UUACCCU 


A 


CGCOGCC 


495 


CCAACCU 


C 


ACCGOGG 


510 


DGcroca 


c 


OGOGGGG 


564 


COSAGGU 


c 


ACGACC& 


592 




Q 




607 


AGCCAAU 


a 


TJCUCGOG 


608 


GCCAADU 


a 


COOSOGC 


£09 
611 


CCAATOU 


C 




AAOUUCU 


c 


GOGCCGC 


656 


GAGCDGa 


u 


UGAGAAC 


657 


AGCUGUU 


a 


GAGAACA 


663 


AACACCQ 


c 


GGCCCCC 


677 


GCCCCCO 


A 


CCAGCUC 


684 


ACCAGCa 


C 


CAGACCa 


692 


CAGACCa 


0 


UGUCCDG 


693 


AGACCOU 


u 


GGCCOGC 


696 


ccuuuGa 


C 


CDGCCAG 


709 


AGCGAOJ 


c 


CCCCACA 


720 


CACAAOJ 


a 


GUCAGCC 


723 


AACUDGU 


C 


AGCCCCC 


735 


CCCGGGU 


C 


CUAGAGG 


738 
765 


GGGUCOJ 


A 


GAGGOGG 


CCGGGGU 


C 


OGOUCCC 


769 


GGUCUGU 


u 


CCCOGGA 


770 


GOCOGUU 


C 


CCUGGAC 


785 


GGGCOG0 


u 


CCCAGOC 


786 


GGCDGDU 


C 


CCAGOCU 


792 


. DCCCAGC7 


C 


UCGGAGG 


794 


CCAGUCU 


C 


GGAGGCC 


807 


CCCAGGa 


c 


CAOCOGG 


833 


CAGAGGU 


u 


GAACCCC 


846 


CCACAGU 


C 


ACCUADG 


851 


GOCACCXJ 


A 


UGGCAAC 
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863 


AACGACU C CuuCUO* 


1408 


XKX3AGA0 


C 


00GAGGG 


866 


GACUCCU 0 COCGGCC 


1410 


GAGAUCU 


U 


GAGGGCA 


867 


ACDCCUU C UCGGCCA 


1421 


GGCACC0 


A 


CCOCUG0 


869 


UCCUUCa C GGCCAAG 


1425 


CCUACC0 


C 


0GOCGGG 


881 


AAGGCCa C AGOCAG0 


1429 


CXXPCOGU 


C 


GGGCCAG 


885 


CCUCAGU C AGUGUGA 


1444 


GAGCACU 


C 


AAGGGGA 


923 


GUGCAGU A AXJACOGG 


1455 


GGGAGG0 


C 


ACOCGCG 


936 


CAGCJAA0 A CCSGGGGA 


1482 


A0GO3C0 


C 


0CCCCCC 


978 


UGACCA0 C UACAGC0 


1484 


GOGCX5C0 


C 


CCCCCGG 


980 


ACCADC0 A CAGCUOU 


1493 


CCCCUGU 


A 


0GAGAD0 


966 


OACAGCU 0 UCCGGCG 


1500 


AUGAGAU 


U 


GUCAOCA 


987 


ACAGCUU U CCGGCGC 


1503 


AGADOG0 


C 


ADCATJCA 


988 


CAGCDDU C CGGQGCC 


1506 


OTGDCAU 


c 


ADCACUG 


1005 


ACGCGA0 0 CDGACGA 


1509 


OCAXiCAU 


c 


ACOGOGG 


1006 


CGUGAUU C UGACGAA . 


1518 


QJGDGG0 


A 


GCAGCCG 


1023 


CAGAGGU C UCAGAAG 


1530 


CCGCAG0 


c 


AUAA0GG 


1025 


mm mm mmf ■ ^* % JW* <fc jm^^^ 

GAGGOC0 C AGAAGGG 


1533 


CAG0CAU 


A 


AOGGGCA 


1066 


CCACCCO A GAGCCAA 


1551 


CAGGOC0 


C 


AGCACGU 


1092 


ALJGGGGO 0 CCAGCCC 


1559 


AGCACGU 


A 


CCOCOA0 


1093 


UAjGGUu c cagccca 


1563 


CGOACCa 


C 


0AUAACC 


1125 


CCCAGC0 C 033CUGA 


1565 


UACC0CXJ 


A 


0AACCGC 


1163 


CGCAGC0 0 CDCCDGC 


1567 


CX^OCXJAU 


A 


ACOGCCA 


1 1 CA 

1164 


GCAGCUU C UCCUGC0 


1 CO A 

Iba4 


GGAAGAU 


C 


AAGAAA0 


llo6 


ACaCUUCU U tAXjl-UCU 


1 coo 


AAGAAAD 


A 


CAGAC0A 


IX /2 


0CCOGC0 C IXjCAACC 


1 coo 


ACAGACu 


A 


CAACAGG 


12UQ 


0^O"n/"^OTT TT TkTTlOTiOJl 




OH /V/V^fT 

CACGCCu 


C 


CCOSAAC 


Izul 


oo"?i rrnn t tt» oi o* a 


lbol 


0GAACCU 


A 


0COOGGG 




ALrL-UUAU A UAi_AAL=A 


1663 


AACC0AU 


C 


CCGGGAC 


1227 


< r-»X-'«-»lV «— »f «< t TT |*»f "1 TOT TOO 

GuvxAGCU U CGUGUCC 


1678 


AGGGCC0 


C 


D0CC0CG 


1228 


GGAGCuu C WiuCUJ 


1680 


GGCCUCXJ 


0 


CC0OGGC 


1233 


UUOjU^U C CuGuATJG. 


1681 


GCCUCXJU 


c 


CDCGGCC 


1238 




1684 


ucuuccu 


c 


CXXXXRJC 


1264 


GAGGGAU U GUCCGGG 


1690 


0CGGCC0 


0 


CCCAUA0 


1267 


GGAUUGU C CGGGAAA 


1691 


CGGCCO0 


c 


CCATJAD0 


LA j4 


SOPH'S TV TT TT /"Y"Y*1i 0-071 


1696 


UUCCCAU 


A 


UUGGUGG 






1 £OQ 


CCCAUAD 


0 


GGUGGCA 






X/J / 


AAGACAU 


A 


03CCADG 






* J. fOKJ 


DGCAGC0 


A 


CACCJJAC 


1334 






rTJV OTiOOTT 


A 




1344 


CCGAGC0 C AAG0G0C 


1787 




TT 


OT*TOOrT07i 


1351 


CAAGOG0 C 0AAAGGA 


1790 


GCAUOGU 


C 


CUCAGDC 


1353 


AG0GDCU A AAGGAUG 


1793 


00GDCC0 


c 


AG0CAGA 


1366 • 


UGGCACU 0 0CCCAC0 


1797 


CCDCAGU 


c 


AGAUACA 


1367 


GGCACO0 0 (XCAC0G 


1802 


G0CAGAU 


A 


CAACAGC 


1368 


GCACUU0 C CCACXJGC 


1812 


ACAGCA0 


0 


0GGGGCC 


1380 


UGCCCAU C GGGGAAU 


1813 


CAGCAUU 


0 


GGGGCCA 


1388 


GGGGAA0 C AG0GAOJ 


1825 


CCADGGU 


A 


CCDGCAC 


1398 


0GAC0G0 C ACUCGAG 


1837 


CACACCU 


A 


AAACAC0 


1402 


0G0CAC0 C GAGA0C0 


1845 


AAACACU 


A 


GGCCACG 
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1856 


CACGCAD 


C 


UGADCCG 


2189 


1861 


A0CT3A0 


c 


TOOAGOC 


2196 


1865 


GA0CUGU 


A 


GUCACAU 


2198 


1868 


CUGOAGCJ 


C 


ACADGAC 


2199 


1877 


CAUGACU 


A 


AGCCAAG 


2200 


1901 


CAAGAOJ 


C 


AAGACAU 


2201 


1512 


ACADGAU 


a 


GADGGAU 


2205 


1922 


UGGADGO 


u 


AAAGOCU 


2210 


1923 


GGADGUU 


A 


AAGGCUA 


2220 


1928 


UUAAAGU 


C 


UAGCCOG 


2224 


1930 


AAAGUCU 


A 


GCCCGAU 


2226 


1964 


GAGACAU 


A 


GCCCCAC 


2223 


1983 


AGGACAU 


A 


CAACUGG 


2242 


1996 


GGGAAAU 


A 


CDGAAAC 


2248 


2005 


UGAAACU 


U 


GCOGCC0 


2254 


2013 


GCDGCCU 


A 


UUGoGUA 


22S9 


2015 


UGCCUAU 


D 


GGGUADG 


2260 


2020 


AUUGGGU 


A 


UGOTGAG 


2266 


2039 


ACAGACa 


U 


ACAGAAG 


2274 


2040 


CAGACUU 


A 


CAGAACA 


2279 


20S7 


OGGCCCa 


C 


CAUAGAC 


2282 


2061 


ccuccau 


A 


GACADGU 


2288 


2071 


CAUGUGU 


A 


GCADCAA 


2291 


2076 


GOAGCAU 


C 


AAAACAC 


2321 


2097 


CCACACU 


u 


CCUGACG 


2338 


2098 


CACACUU 


c 


CUGACGG 


2339 


2115 


GCCAGCU 


u 


GGGCACU 


2341 


2128 


CUGCUGU 


c 


UACDGAC 


2344 


2130 


GCUGUCU 


A 


CDGACCC 


2358 


2145 


CAACCCU 


a 


GADSAUA 


2359 


2152 


UGADGAU 


A 


UGUAUUU 


2360 


2156 


GAUAUGU 


A 


UUUADUC 


2376 


2158 


UADGUAU 


U 


UAUDCAU 


2377 


2159 


AUGUADU 


U 


AUCCADU 


2378 


2160 


UGUAUUU 


A 


UOCAXJOU 


2379 


2162 


UAUUUAU 


U 


CAUUDGU 


2380 


2163 


AUUOADU 


C 


ADUUGUU 


2382 


2166 


UAUDCAU 


U 


DGUDAUU 


2384 


2167 


ADUCAUU 


u 


GO0ADUU 


2399 


2170 


CAUUDGU 


U 


AUUUUAC 


2401 


2171 


AUUUGUU 


A 


UUUUACC 


2411 


2173 


UUGUUAU 


U 


UUACCAG 


2417 


2174 


• UGUUADU 


0 


UACCAGC 


2418 


2175 


GUUADUU 


0 


ACCAGCU 


2425 


2176 


UUADUUU 


A 


CCAGCUA 


2426 


2183 


ACCAGCU 


A 


UUUAUUG 


2433 


2185 


CAGCUAU 


U 


UAUUGAG 


2434 


2186 


AGCUAUU 


U 


ADUGAGU 


2448 


2187 


GCUADUU 


A 


UUGAGUG 


2449 



UADUDAU U GAGUGUC 
CGAGOG0 C UUUUADG 
AGDSOCa U UUADGDA 
GUGUCUU U UADGUAG 
UGOCUUU U ADGUAGG 

Gucooaa a uguaggc 

UDUADGa A GGCQAAA 
GOAGGCU A AAUGAAC 
UGAACAO A GGCCUCU 
CADAGGU C CCCGGCC 
UAGGUCU C UGGCCUC 
CUGGCCU C ACSGAGC 
CQGAGCU C CCAGUCC 
UCOCAGU C CADGDCA 
UCCATOU C ACADOCA 
GDCACAU a CAAGGUC 
UCACAUU C AAGGUCA 
UCAAGGU C ACCAGGU 
ACCAGGU A CAGOUGU 
GUACAGU U GUACAGG 
CAGUUGU A CAGGUCG 
UACAGGU U GUACACU 
AGGUUGU A CACOGCA 
AAAAGAU C AAAUGGG 
UQGGACU U CUCAUUG 
GGGACUU C UCADUGG 
GACUDCU C AUCGGCC 
UUCUCAU U GGCCAAC 
CCOGCCU U UCCCCAG 
CUGCCUU U CCCCAGA 
UGCCUUU C CCCAGAA 
GAGDGAU U UUUCUAD 
AGUGAUU U UUCUAUC 
GUGADUU U UCUADCG 
roADUUU U CDADCGG 
GADUUUU C UADCGGC 
UUUUUCU A UCGGCAC 
UUUCUAD C GGCACAA 
AAGCACU A UADGGAC 
GCACUAU A UGGACUG 
GAOX3GU A AUGGUUC 
UAAUGGU D CACAGGU 
AADGGUU C ACAGGUU 
CACAGGU U CAGAGAU 
ACAGGUU C AGAGAUU 
CAGAGAU U ACCCAGU 
AGAGAUU A CCCAGOG 
GAGGCCU U AUDCCDC 
AGGCCUU A UUCCUCC 
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2451 


GCCOUMJ U CCOCCCU 


2750 


UATJGUGU 


A 


GACAAGC 


2452 


CCOOAIKJ C COCCCOU 


2759 


ACAAGCa 


C 


UCGCOCU 


2455 


aanocccr c ccoococ 


2761 


AAGCOC0 


c 


GCLXJUGU 


2459 


CCOCCCO U CCCCCCA 


2765 


UOTOGCU 


c 


TCOCACC 


2460 


CUCCCUU C CCOCCAA 


2769 


GCTCUGU 


c 


ACCCAGG 


2479 


GACACCU U DGOOAGC 


2797 


GUGCAAU 


c 


ADGGUUC 


2480 


ACACOXJ U GDUAGCC 


2803 


UCAJJGGU 


u 


CACUGCA 


2483 


CCUUUGU 0 AGCCACC 


2804 


CAJDGGOU 


c 


ACUGCAG 






2813 




n 

V- 


UVA,Vti>.UU 






2815 


Uv— rtl^U\_U 


u 


/^^/''V'^H II I 






2821 


vjvjVArtV_\_u 


rr 

U 


UuvjUAjs*u 






2822 




TT 
u 


VJVjVJ^*— vA- 






2823 




rr 
u 




2510 


UACM3UU C UGCCAGU 


2829 


UUGGGCU 


C 


AAGOGAU 




CCAGUGU U CACAADG 


2837 


AAGUGATJ 




CUOCCAC 


2521 


CAGUGOU C ACAACGA. 


2840 


UGADCCU 




CCAOCUC 


2533 


UGACACU C AGCGGUC 


2847 


COCACCU 


c 




2540 


CAGCGGU C A3DGOC0G 


2853 


UCAGCCU 


c 


CUGAGUA 


2545 


GOCAXJGQ C OGGACAIJ 


2860 


CCUGAGU 


A 


GCUGGGA 


2568 


AGGGAAU A UGCCCAA 


2872 


GGACCAU 


A 


GGCUCAC 


2579 


CCAAGCU A TJ3CC00G 


2877 


ADAGGCU 




ACAACAC 


2585 


UADGCCU 0 G0CC0CU 


2899 


GGCAAAU 


TT 
VJ 


7YI7V1 11 n It 1 


2588 


GCCUUGU C CUCUUGU 


2900 


GCAAATJTJ 


TT 
U 


t IT ri It U i 
V3AJUVJVJVJVI 


2591 


rjGGUCCU C UUX5UCCU 


2904 


AT7TK 


ft 

U 


UUVJVHJUVJ 


2593 


GUCCUCU U GUQCUGU 


2905 




n 

VJ 


vjvjuvjvjvju 


2596 


cIjCtjugu c ctJcsOUug 


2906 




tt 

U 


Tiiirrffiirni 
yuuuuuu 


2601 


GCfCCOGXl O" OGCADUU 


2907 




77 
u 


r 71 IT TT TT tT 71 T 

uuuuuuu 


2602 


OC3CGGOO U GCAUDUC 

vVA* WWW W W VWWVvv 


2908 


f^ATTTTTTnTT 


VJ 


uuuuuuu 


2607 


UUUGCA0 U DCACUGG 


2909 


AJJUuUUU 


7J 


uuuuuuu 


2608 


UOGCAUO" U CACCK3GG 


2910 


uuuuuuu 


u 


UUUUUUU 


2609 


OGCATJOU C ACUGGGA 


2911 


uuuuuuu 


u 


uuuuuuu 


2620 


GGGAGCD V GCACUAU 


2912 


uuuuuuu 


u 


UuuuUuC 


2626 


pOGCACa A UUGCAGC 


2913 


uuuuuuu 


u 


UUUUUCA 


2628 


GCAOJAU U GCAGCOC 


2914 


uuuuuuu 


u 


UuUUCAG 


2635 


UGCAGCU C CAGODOC 


2915 


uuuuuuu 


u 


UUUCAGA 


2640 


. otccagu u uccogca 


2916 


uuuuuuu 


u 


UUCAGAG 


2641 


DCCAGUU U CCOGCAG 


.2917 


uuuuuuu 


u 


UCAGAGA 


2642 


CCAGUUU C CUGCAG0 


2918 


uuuuuuu 


u 


CAGAGAC 


2653 


CAGOGAU C AGGGOCC 


2919 


uuuuuuu 


c 


AGAGAOG 


2659 


UCAGGGa C CDGCAAG 


2931 


ACGGGGU 


c 


UCGCAAC 


2689 


CCAAGGU A UUGGAGG 


2933 


GGGGUCU 


c 


GCAACAU 


2691 


AAGGUAU U GGAGGAC 


2941 


GCAACAU 


u 


GCCCAGA 


2700 


GAGGACU C CCOCCCA 


2951 


CCAGACU 


U 


CCUUUGU 


2704 


acucccu c ccagcoo 


2952 


CAGACUU 


c 


CXJOTJ3UG 


2711 


CCCAGCU U DGGAAGG 


2955 


ACUUCCU 


u 


OX5UGUUA 


2712 


CCAGCUU U GGAAGGG 


2956 


cuuccuu 


u 


GUGUUAG 


2721 


GAAGGGU C ADCOGCG 


2961 


UUUGUGU 


U 


AGOUAAU 


2724 


GGGOCAU C CGOGOGa 


2962 


UUGUGUU 


A 


GUUAADA 


2744 


TJGUGUGU A UGUGUAG 


2965 


UGUUAGU 


u 


AATJAAAG 
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2966 


GUUAGOU A ADAAAGC 


2969 


AGOOAAD A AAGCOCU 


2975 


UAAAGCU U DCOCAAC 


2976 


AAAGCUU U CDCAACtJ 


2977 


AAGOJUU C UCAACOG 


2979 


GCUOUCU C AACOGCC 
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Table 3 

Mouse ICAM HH Target Sequence 
nt. Position Target Sequence 



11 


CCCugOT 


C 


acCGuDG 


23 


CaGuGgO 


u 


CUCDGCa 


26 


uGgOuCU 


C 


CGCUcCU 


31 


CUCOGCU 


c 


COCcaca 


34 


OuCOcatf 


a 


AGgGUcG 


40 


gCAcAcU 


0 


GuAgCCU 


48 


aggACOT 


C 


AGCCOgG 


54 


UggGCOJ 


C 


GugADGG 


58 


CaOgcCQ 


u 


UaGCOCC 


64 


cAcccCU 


c 


CCAGCAG 


96 


CucugCXJ 


c 


OTGGcCC 


102 


UgCcaGU 


a 


COGCOgG 


108 


cuCOGOT 


c 


cixGGCcC 


115 


uGGuuCU 


c 


TOcGCCu 


113 


GgaaOGU 


c 


aCCAGGA 


120 


COCUGcU 


c 


CugGccC 


146 


CAGuCgU 


c 


cGcuOCC 


152 


UCUGCX3U 


c 


agCCaCu 


158 


DCCuguO 


u 


AAAAacC 


165 . 


CAgAAGU 


u 


gCtmOGC 


168 


AAGcCuU 


c 


COGCCCC 


185 


GGuGGgU 


c 


CGOGCaG 


209 


gcCACuCT 


c 


COcDGgC 


227 


CagAAGU 


0 


GDOuuGC 


230 


AAGUOGQ 


u 


uuGCucc 


237 


UGuGCuU 


u 


GACAaCu 


248 


AaCCCaU 


c 


UCCOAAA 


253 


ccUGCCU 


A 


AggAaGA 


263 


AgGGuuU 


c 


uCUaCDG 


267 


AGggGCa 


C 


COGCCOa 


293 


AAGcOOT 


u 


UGAgCOG 


319 


AGgAGAU 


A 


cugAgCC 


335 


cDGOGCU 


u 


UgagAAC 


337 


GUcCaAU 


U 


CAcACOG 


338 


aGCOgOU 


u 


gAgCOGa 


359 


GuGCAGU 


c 


guCcGCU 


785 




or 


uCCuGcC 


786 


GcOTGOT 


u 


CCuGcOT 


792 


UggagGU 


C 


TJCGGAaG 


794 


CugGgOT 


u 


GGAGaCu 


807 


CuCgGaU 


a 


uACCOGG 


833 


CAaAGcU 


c 


GAcaCCC 


846 


CCcugGO" 


C 


ACCguDG 


851 


GagACOJ 


c 


UacCAgC 



nt Position Target Sequence 



367 


AAugGCU u 


cAACCcg 


374 


gAAgCCU U 


CCUgcCC 


375 


AAgCCOU C 


CDgcCCc 


378 


CuacCaU C 


ACCGUGU 


386 


ACC3OG0 A 


uOcGuuU 


394 


CcGGACU u 


ucGAuCu 


420 


CACaCuU C 


COCcCcg 


425 


CaCCCCO C 


ccaGCAG 


427 


CagCOCO c 


aGCAGug 


450 


AGgACCU c 


AOOCDgC 


451 


GAAaCca u 


uCCOuuG 


456 


UQACCCO c 


aGCcaCu 


455 


CuAcCaU C 


ACCGOGu 


510 


UGCOGOT C 


CGCGGGG 


564 


CUcAGGU a 


uCcAiiCc 


592 


GAaAGAD C 


ACaugGG 


607 


AGCCAAU U 


UCDCaOG 


608 


GCCAADU U 


CUCaOGC 


609 


CCAADUU C 


OCaDGCC 


611 


AADUCCD C 


aDGCCGC 


656 


aAGCCGU XJ 


OGAGcug 


657 


AGCOGUa U 


GAGcugA 


668 


cgagCCD a 


GGCCaCC 


677 


GaCCuCT A 


CCAGCcu 


684 


uuCAGOJ C 


CgGuCCU 


692 


CgGACu0 U 


cGauCUu 


693 


AGgaCcU c 


acOCOGC 


696 


CCDgOuU C 


COGCCuc 


709 


gGCGgCU C 


CaCCuCA 


720 


UACAACD XX 


uDCAGCu 


723 


AACOUuU C 


AGCuCCg 


735 


aCCaGaU C 


CUgGAGa 


738 


uGGgCCU c 


GuGaOGG 


765 


CaGUcGU c 


cGcUuCC 


769 


GGcCDOT U 


uCCDGcc 


770 


uOuTOcU C 


CCOGGAa 


1353 


. AGOGggU c 


gAaGgOG 


1366 


UaaCAgU c 


UaCaACU 


1367 


aGCACcU c 


CCCACcu 


1368 


GuACUgU a 


CCACOcu 


1380 


UGCCCAU C 


GGGGugg 


1388 . 


GGaGAcO C 


AGOGgCa 


1398 


UGgCOGU C 


ACagaAc 


1402 


UGOgcuU u 


GAGAaCO 
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863 


AgCcACO u CcCCOgG 


1408 


gCGAGACJ C ggGgaGG 


866 


GAagCCO U CcuGcCC 


1410 


GAGgUCU c GgaaGgg 


867 


AuOCgOU u cOGGagA 


1421 


ccCACCU A CuOuJOGU 


869 


UCuUcCU C augCAAG 


1425 


aCOgCCU u gGOaGaG 


881 


AuGGCuO C AacCcGU 


1429 


uCUCUaU u GccCCuG 


885 


CCDugGO a gagGOGA 


1444 


GAaggCU C AgGaGGA 


933 


cUauAaU c A0UCCX3G 


1455 


GGaAuGU C ACCaGga 


936 


uAaOcAU u CEXSGuGc 


1482 


AguTOuU u UgCuCCC 


978 


UaACagU C TEWCAaCU 


1484 


cOGuOCU u CCuCauG 


980 


ACagOCU A CAaCOUU 


1493 


CuguGcU u OGAGAac 


986 


UACAaCU U UuCaGCu 


1500 


AUGAaAU c aUggOCc 


987 


ACAaCUU U uCsGCuC 


1503 


gGAcUaU a ADCAUuc 


988 


CAaCOUU u CaGCuCC 


1506 


UUaUguU u ADaACcG 


1005 


ACcaGAH c COGgaGA 


1509 . 


CuAcCAO C ACcGOGu 


1006 


uGaGAgU C UGggGAA 


1518 


ucaOGGO c cCAGgCG 


1023 


ugGAGGU C UCgGAAG 


1530 


CuauAaU C ADucUGG 


1025 


GAGGOCU C gGAAGGG 


1533 


ugGOCAU u gOGGGCc 


1066 


CCACuOJ c aAaauAA 


1551 


CAuGCCQ u AGCAgcU 


1092 


AcuGGaU c uCAGgCC 


1559 


AGCACcU c CCcaccU 


1093 


DGGaccO u CAGCCaA 


1563 


CuUAugU u UAJJAACC 


1125 


CCCAaCU C uUcuOSA 


1565 


EAugUuU A OAACCGC 


1163 


CGaAGCU.U COuutXSC 


1567 


ugUuUAU A ACCGCCA 


1164 


GaAGCDU C UuuOGCU 


1584 


GaAAGAU C AgGAnAU 


1X66 


AGCDOCa U uOGCUCU 


1592 


AgGAuAD A CAaguUA 


1172 


UCCOGuU u aaaAACC 


1599 


ACAaguU A CAgaAGG 


1200 


cuCuGCU c cUcCACA 


1651 


CcCaCCU C CCOGAgC 


1201 


gCuGCUU u UgaACAg 


1661 


gaAACCU u UCCuuuG 


1203 


AcuDUuU u CACcAGu 


1663 


AACCUuU C CuuuGAa 


1227 


GGuAcaU a CGOGUgC 


1678 


AGGaCCU C agCCUgG 


1228 


GaAGCUU C uUuUgCU 


1680 


aGCCaCU U CCOCuGg 


1233 


VUCGOxiU C CgGagaG 


1681 


GCCaCUU C COCuGgC 


1238 


GUgCOGU A USGuCCu 


1684 


aCOOXU C uGgCOgu 


1264 


GAaGGgU C GOgCaaG 


1690 


cCGGaCU U uCgADcU 


1267 


uGAgaGU C uGGGgAA 


1691 


CGGaCDU u CgADcUU 


1294 


AGgAgAU a CugAGCc 


1696 


UgCCCAU c ggGGOGG 


1295 


GAggggU C uCAGCAG 


1698 


CggAOAU a ccTOGag 


1306 


GCAGACa C ugAaaOG 


1737 


gAGACcU c DaCCAgc 


1321 


gaAGGCU c aGGaGgA 


♦1750 


gGCgGCTJ c CACCOca 


1334 


AACCCAU c uCCuaAa 


1756 


gAagCOT u CCuGCCC 


1344 


auGAGCU C gAGaGUg 


1787 


gaGaCAD U GOCCcCA 


1351 


ugAaUGU a UAAgtmA 


1790 


GCAXJUGU u COCuaau 


1793 


TJgGUCCU C gGcugGA 


2173 


UOagagU U UUACCAG 


1797 


CacCAGO C AcADAaA 


2174 


UagagUU U UACCAGC 


1802 


acCAGAU c CuggAGa 


2175 


agagOUU U ACCAGCU 


1812 


ACuGgAU c UcaGGCC 


2176 


gagOUUU A CCAGCOA 


1813 


CAGCAUU U acccuCA 


2183 


ACCAGCU A OOUAUUG 


1825 


CCAcGcU A CCOcugC 


2185 


CAGCUAD U UAUOGAG 


1837 


CAugCCU u uAgCuCc 


2186 


AGCOAUU U ADUGAGU 


1845 


cgAgcCU A GGCCACc 


2187 " 


GCUAOUU A UOGAGUa 
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1856 


CggaCutJ u cG?M3CDu 


2189 


UAOUUA0 U GAGUacC 


1861 


AcaGGAU a OccAGOa 


2196 


caAcUcU u cDOgADG 


1865 


cAcuOGU A GcCuCAg 


2198 


gcaGcCU c UUADGOa 


1863 


CaccAOT C ACADaAa 


2199 


GccUCUU a UgUuOAu 


1877 


CAUGcOT u AGCagcu 


2200 


UcOuccCT c ADGcAaG 


1901 


uAAaAOJ C AAGggAc 


2201 


aagUUUU A OGUcGGC 


1912 


AuAUagU a GADcagtJ 


2205 


UUUADGU c GGCcugA 


1922 


UGaADGU a uAAGuua 


2210 


GgAGaCD e AgOGgcu 


1923 


UtiAUviCU C AgLiUaUC 




cuggcAU u guiajucu 


1928 


UUAgAciU u OuaCCaG 




CucAGGU a DCcauCC 


1930 


Ay ivort-AlU U. «Jw&v?OJ 




ugv»aucu <- auvjO-gc 


1964 


UAtiAwiu U WiKJwwCa 


J J 


CJ^aCCU C cuGGAGg 


1983 


ACroAUAU A LrtAyUUd 




UGGAGCU a gCgGaOC 


1996 


aGGAgAu A CUGAgcC 


2248 


OauCcaU C CADccCA 


2005 


UGgAgCU* a GCgGaCc 


2254 


OCCAauU C ACAcOgA 


2013 


GCUauuU A OUGaGOA . 


2259 


aOCACAU U CAcGGOg 


2015 


UGCCcAU c GGGgugG 


2260 


UCACADU C AcQGOgc 


2020 


ggOGGuU c UuCUGAG 


2266 


ggAAuOT C ACCAGGa 


2039 


gCuiGgCa a gCAGAgG 


2274 


ACCaGaU c CuGgaGa 


2040 


CuGACcCT c CuGgAGg 


2279 


GaAggGU c GOgCAaG 


20S7 . 


0GCUCO7 C CAcAucC 


2282 


aAGcOGa u tigaGcOG 


2061 


CuaCCAU c acCgOGU 


2288 


UAuAaGa U aUggcCU 


2071 


CAcuDGJJ A GCcCCAg 


2291 


caGUgGU u CuCDGCu 


2076 


GUAGCctJ C AgAgCua 


2321 


gAAAGAD C AcADGGG 


2097 


CaACuCO U CuDGAuG 


2338 


UGaGACU c COgccDG 


2098 


CACACXKJ C CcccCcG 


2339 


GaaACcU u CCcOOuG 


2115 


GCCAGCu c GSaggau 


2341 


GACcUCU a ccaGcCu. 


2128 


CaGCUaU u QAuDGAg 


2344 


UUucgAU c uuCCAgC 


2130 


ccUGuuCJ c COScCuC 


2358 


CCcagCa c DCagCAG 


2145 


CAACuCT tJ cuDGADg 


2359 


COGCuOa 0 gaaCAGA 


2152 


UauUaAU u UagAgDTJ 


2360 


aaCCOOU C CuuuGAA 


2156 


uugAOG0 A UOQAOTa 


2376 


agGTOgO U cOIXDga 


2158 


gADGUMJ U UADOaAU 


2377 


gGOGgUU c UOCOgag 


2159 


AOGUAUU U AOUaAUU 


2378 


agGgUOO c DCDAcuG 


2160 


TCOMJUa A UUaAODU 


2379 


OGcUuuu c ucADaaG 


2162 


UADUUMJ TJ aADOUag 


2380 


aAgODOU a DgOCGGC 


2163 


AUgUAUU u ADOaaDU 


2382 


aUOcDCU A UuGcCcC 


2166 


acUUCA0 U cucUAJLAJ 


2384 


aUcCagU a GaCACAA 


21b / 


AUguADU U aUUAaDU 


2399 


AAaCACU A UgDGGAC 


2170 


uADOOaU 0 AaUOtJAg 


2401 


aayUUyU U iAsagUAz 


2171 


AgOOGUU u UgcUcCC 


2411 


uACOSGa c AgGaUgC 


2417 


gAADGOT a CAuAcGU 


2691 


AAuGOcU c cGAGGcC 


2418 


AcOSGaU C uCAGGcc 


2700 


GAaGcCa u CCDgCCc 


2425 


CAngGGU c gAGgGuU 


2704 


' gacCuCO a CCAGCcU 


2426 


AuuaaUtJ u AGAGutJU 


2711 


CCCAGCU c UcagcaG 


2433 


uAGAGuU U uaCCAGc - 


2712 


gagGucU c GGAAGGG 


2434 


AGAGutJU u aCCAGcu 


2721 


GAAGGGU C gUgCaaG 


2448 


GAaGCOJ U ccUgCcC 


2724 


GGuaCAU a CGuGOGc 


2449 


AaGCOJU c cUgCcCC 


2744 - 


gGUGgGO c cGUGcAG 
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2451 


GCCCfguO U CCOgCCU 


2750 


UAUuOatJ u GAguAcC 


2452 


CCUguUU C CUgCCDc 


2759 


cCggaCU u UCGaOCU 


2455 


gAagCCU u CCOgCCC 


2761 


AgGacCO C aCcCDGc 


2459 


CCaCaCa 0 CCCCCCc 


2765 


OuDuGCO C UGcCgCu 


2460 


CaCaCUU C CCCCCcg 


2769 


agUCCGU C AaaCAGG 


2479 


GAgACCU c UaccAGC 


2797 


aUGaAAU C ADGGUcC 


2480 


uCACCgU U GUgAuCC 


2803 


UCAD3GU c CcagGCg 


2483 


CCaaUGU c AGCCACC 


2804 


ggOGGg0 C cgUGCAG 


2484 


CUUOuOU c aCCAguC 


2813 


COcCgGU C cOGACCc 


2492 


agCACCU C CCCACCu 


2815 


aCAGUCU a cAaCUOU 


2504 


CCCACcU A CuUUUgU 


2821 


cUGACCU c cOGGagg 


2508 


uAUcCAU c caOcCCA 


2822 


gGAgCcO c cGGaCUu 


2509 


uUAgAgU U uOaCCAG 


2823 


ugCCOUU a GcuCcCA 


2510 


UAgAgOU u UaCCAGc 


2829 


cTOGaCCJ a nAaUcAU 


2520 


CuuuUGU 0 CcCAADG 


2837 


AgGDGgU u CUuCuga 


2521 


CAGcaUU u ACccDcA 


2840 


OGAgaC0 C CugCCOg 


- 2533 


UGAugCU C AGguaUC 


2847 


CCaAngU C AGCCaCC 


2540 


CAGCaGU C cgcUgUG 


2853 


CfCAGCCU C uUauGUu 


2545 


GUgcUGU a UGGuCcd 


2860 


gCcaAGU A aCUGuGA 


2568 


guGaAgU c IX5uCaAA 


2872 


GGACCuU c aGCcaAg 


2579 


auAAGuU A UGgCcUG 


2877 


uUccGCU a cCAuCAC 


2585 


cugGCaU U GUuCUCU 


2899 


cGgAcuU 0 cGADcDU 


2588 


GCaUUGU u CUCUaaU 


2900 


uuAAuG0 a GAgOUGU 


2591 


UgGOuCD C UgcUCCU 


2904 


AcUUcAU 0 C0c0a00 


2593 


cUuCUuU U GcuCOGc 


2905 


c00cAD0 c UcUaUUg 


2596 


CUuuuuu u CccaaUG 


2906 


UUGAUgU a UUUaUUa 


2601 


acCgOGCT a 0uCgUO0 


2907 


0Gua000 a UUaaUUU 


2602 


UCCaGcO a cCADccC 


2908 


GAagcUU c UUUUgcU 


2607 


cUcGgA0 a UacCTOG 


2909 


AgcUUcU 0 UUgcUcU 


2608 


caGCAgO c CgCUGuG 


2910 


Ug0aUU0 a UUaaUUU 


2609 


gGaAUgU C ACcaGGA 


2911 


UgUaUUU a UUaaUUU 


2620 


aGGAcCU c aCcCUgc 


2912 


UUgUUcU c UaaUgUC 


2626 


UUuCgaU c UUcCAGC 


2913 


UUUc0c0 a cUggOCA 


2628 


GCACacU U GuAGCcu 


2914 


UgcUUUU c UcaUaAG 


2635 


UuCAGCa C CgGOccu 


2915- 


aUUUaUU a aUUuAGA 


2640 


ggCCuGQ U DCCOGCc 


2916 


UaUUcgU 0 UcCgGAG 


2641 


cCCAGcU c uCaGCAG 


2917 


aUUcgUU 0 cCgGAGA 


2642 


CCUGUUU G COGCcuc 


2918 


UUcgUUU c CgGAGAg 


2653 


uAcDSgU C AGGaUgC 


2919 


UUcUcaU a AGgGuCG 


2659 


gaAGGGQ C'gUGCAAG 


2931 


ugGaGGU C UCGgAAg 


2689 


CuAAuGQ c UccGAGG 


2933 


GaGGUCU C GgAAggg 


2941 


GagACAU U GuCCccA 






2951 


CCAcgCU a CCOcDGc 






2952 


CAGcagU C CgcOGOG 






2955 


AgUgaCU c UGDG0CA 






2956 


uUUGCUU U GaaUcAa 






2961 


UcUGUGU c AGccAcU 






2962 


aUGUaDU u aUUAAUu 






2965 


UaUgAaU c AADAAAG 







SUBSTITUTE SHEET (RULE 25) 



NUC 37785 



W0 95/2322S PCT/IB95/00156 

181 



2966 


GcUgGcO A gcAgAGg 


2969 


AaUcAAO A AAGuUOT 


2975 


UAgAGuCT U UacCAgC 


2976 


gAgGgUCT U COCuAOJ 


2977 


AAGCDgU u DgAgCDG 


2979 


uCaDOCO C uAuUGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 

11 CAGCGDC CDGADGAGGCCGAAAGGCCGAA ACOGGGG 

23 AGCAGAG CUGAIXSAGGCCGAAAGGCCGAA AGCOCAG 

26 AGUAGCA CCGADGAGGCCGAAAGGCCGAA AGGAGCU 

31 CCCOGAG CDGAIX3AGGCCGAAAGGCCGAA AGCAGAG 

34 CAACOCT CDGADGAGGCCGAAAGGCCGAA AGUAGCA 

40 AGGDUGC CIJGAIXSAGGCCGAAAGGCCGAA ACDCDGA 

48 CGAGGCT COGADG3U3GCCGAAAGGCCGAA AGGDDGC 

54 CCAUAGC CUGACGAGGCCGAAAGGCCGAA AGGCUGA 

58 GGAGCCA CDGADGAGGCCGAAAGGCCGAA AGCGAGG 

64 COGCOGG aXSHXSAGGCCGAAAGGCCGAA AGCCAJDA 

96 GGACCAG CDGADGAGGCCGAAAGGCCGAA AGDGCGG 

102 CGAGCaG CIX3AJCC»GGCCGAAAGGCCGAA ACCftGGA 

108 GAGCCCC CXXSAIXSAQGCCGAAAGGCCGAA AGCAGGA 

115 GGGAACA CDGADGAGGCCGAAAGGCCGAA AGCCCCG 

119 UCCOGGG CDGADGAGGCCGAAAGGCCGAA ACAGAGC 

120 GDCCOGG COGAIX5AGGCG2AAAGGCCGAA AACAGAG 
146 GGACACA CDGADGAGGCCGAAAGGCCGAA ADGOCGG 
152 OGAGGGG C0GAXX3AGGCCGAAACGCCGAA ACACAGA 
158 GACODDD CDGAIJ3AGGCCGAAAGGCCGAA AGGGGGA 
165 GCAGGAD CCGADGAGGCCGAAAGGCCGAA AOJUUUG 
168 GGGGCAG CDGADGAGGCCGAAAGGCCGAA ADGACDU 
185 CAGCACG CDGADGAGGCCGAAAGGCCGAA AGCCOCC 
209 GOCACAG CXX5AIX5AGGCCGAAAGGCCGAA AGGOGCU 
227 GCCCAAC CDGADGAGGCCGAAAGGCCGAA ACOOGGG 
230 DADGCCC COGAIX3AGGCCGAAAGGCCGAA ACAACDD 
237 GGGUCOC CDGAIXSAGGCCGAAJ^GGCCGAA ADGOCCA 
248 UUUAGGC OTGAtX3AGGCCGAAAGGCCGAA ACGGGGD 
253 OCCUUUU CTGAUSAGGCCGAAAGGCCGAA AGGCAAC 
263 CAGGAGC CDGA3CEAGGCCGAAAGGOCGAA ACOCCOU 
267 CAGGCAG CDGADGAGGCCGAAAGGCCGAA AGCAACO" 
293 CAGUUCA CDGADGAGGCCGAAAGGCCGAA ACACCDU 
319 GGDOGGC OmDGAGGCOGAAAGGCCGAA ADCDDCD 
335 GUDUGAA CDGADGAGGCCGAAAGGCCGAA AGCACA0 

337 CAGODOG CDGADGAGGCCGAAAGGCCGAA AUAGCAC 

338 GCAGDUQ CDGADGAGGCCGAAAGGCCGAA AAUAGCA 
359 AGCDGOT OT3AIX3AGGCCGAAAGGCCGAA ACOGCCC 
367 AAGGOUD CDGATCAGGCCGAAAGGCCGAA AGCDGOT 
374 GGDGAGG CDGATJGAGGCCGAAAGGCCGAA AGGUUUU 

' 375 CGGDGAG CDGADGAGGCCGAAAGGCCGAA AAGGDOU 

378 ACACGGD COGADGAGGCOHAAJttXSCCGAA AGGAAGG 

386 AGDCCAG OJGAIX2AGGCCGAAAGGCCGAA ACACGGU 

394 CGDOCOG CDGADGAGGCCGAAAGGCCGAA AGDCCAG 

420 AAGAGGG COGAOGAGGCOGAAAGGCCGAA AGGGGUG 

425 COGCCAA CDGADGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GGCDGCC CDGADGAGGCCGAAAGGCCGAA AGAGGGG 

450 GUAGGOT OJGADGAGGCCGAAAGGCXGAA AGGOUCU 

451 CGOAGGG aJGAIKAGGCCGAAAGGCCGAA AAGGUUC 
456 GGCAGCG CXIGADGAGGCXGAAAGGCCGAA AGGGOAA 
495 CCACGGO CDGATOAGGCCGAAAGGCCGAA AGGOOGG 
510 CCCCACG CXJGAD3AGGCCGAAAGGCCGAA AGCAGCA 
564 UGGOCGO OT3AEK3AGGCCGAAAGGCCGAA ACCOCAG 
592 CCADGGU O3GA0GAGGCXXSAAAGGCXX3AA ADCUCOC 

607 CAGGAGA COGADGAGGCCGAAAGGCCGAA ADOGGOT 

608 GCACGAG COGADGAGGCCGAAAGGCCGAA AADOGGC 

609 GGCACGA CDGADGAGGCCGAAAGGCCGAA AAADUGG 
611 GCGGCAC COGADGAGGCCGAAAGGCCGAA AGAAADU 

656 GUOCOCA CI3GAD3AGGCCGAAAGGCCGAA ACAGCOC 

657 OGOOCOC COGADGAGGCCGAAAGGCCGAA AACAGCO 
668 GGGGGCC CUGADGAGGC02AAAGGCCGAA AGGOGOU 
677 GAGCDGG COGADGAGGCCGAAAGGCCGAA AGGGGGC 
684 AGGOCOG COGADGAGGCCGAAAGGCCGAA AGCUGGU 

692 CAGGACA CUGADGAGGCCGAAAGGCCGAA AGGOCOG 

693 GCAGGAC COGADGAGGCCGAAAGGCCGAA AAGGOCO 
696 CDGGCAG COGATCAGGCCGAAAGGCCGAA ACAAAGG 
709 OGDGGGG COGAD3AGGCXX3AAAGGCCGAA AGOCGCO 
720 GGCOGAC OJ3AU3AGGCCGAAAGGCCGAA AGOOGOG 
723 GGGGGCO COGADGAGGCCGAAAGGCCGAA ACAAGUU 
735 CCOCOAG OX3ADGAGGCOGAAAGGCCGAA ACCCGGG 
738 CCACCOC OJGADGAGGCCGAAAGGCCGAA AGGACCC 
765 GGGAACA OTGADGAGGCCGAAAGGCCGAA ACCACGG 

769 UCCAGGG COGADGAGGCCGAAAGGCCGAA ACAGACC 

770 GOCCAGG CTGAD3AGGCCGAAAGGCCGAA AACAGAC 

785 GACOGGG COGADGAGGCCGAAAGGCCGAA ACAGCCC 

786 AGACOGG COGADGAGGCCGAAAGGCCGAA AACAGCC 
792 CCOCCGA COGADGAGGCCGAAAGGCCGAA ACOGGGA 
794 GGCCOCC COGADGAGGCCGAAAGGCCGAA AGACOGG 
807 CCAGGOG COGAD3AGGCCGAAAGGCCGAA ACCOGGG 
833 GGGGOOC COGADG3\GGCCGAAAGGCCGAA ACCOCDG 
846 CADAGGO COGADGAGGCCGAAAGGCCGAA ACOGOGG 
851 GOOGCCA COGADGAGGCCGAAAGGCCGAA AGGOGAC 
863 CGAGAAG COGADGAGGCCGAAAGGCCGAA AGOOGOO 

866 GGCCGAG CUGAIX3AGGCXGAAAGGCCGAA AGGAGDC 

867 OGGCCGA COGADGAGGCCGAAAGGCCGAA AAGGAGO 
869 CODGGCC COGADGAGGCCGAAAGGCCGAA AGAAGGA 
881 ACOGACO COGADGAGGCCGAAAGGCCGAA AGGCCOO 
885 UCACACU COGADGAGGCCGAAAGGCCGAA ACOGAGG 
933 CCAGDAD COGADGAGGCCGAAAGGCCGAA ACOGCAC 
936 UCCCCAG COGADGAGGCCGAAAGGCCGAA ADDACOG 
978 AGCOGOA COGADGAGGCCGAAAGGCCGAA ADGGOCA 
980 AAAGCOG COGADGAGGCCGAAAGGCCGAA AGADGGO 

986 CGCCGGA COGADGAGGCCGAAAGGCCGAA AGCOGOA 

987 GCGCCGG COGADGAGGCCGAAAGGCCGAA AAGCOGO 

988 GGCGCCG COGADGAGGCCGAAAGGCCGAA AAAGCOG 
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1005 UCGUCAG CDGAD3AGGCCGAAAGSCCGAA ADCAOGU 

1006 OUCGUCA OXSUKSAGGCCGAAAGGCCGAA AADCACG 
1023 COUCOGA CDGADGAGGCCGAAAGGCCGAA ACCOCDG 
1025 cccoaca COGADGAGGCCGAAAGGCCGAA agaccuc 
1066 UGGGCOC COGADGAGGCCGAAAGGCCGAA AGGGCGG 

1092 GGGCOGG C0GADGAGGCO3AAAGGCCGAA ACCCCAD 

1093 UGGGCUG COGADGAGGCCGAAAGGCCGAA AACCCCA 
1125 UCAGCAG COGAD3AGGCCGAAAGGCCGAA AGCOGGG 

1163 GCAGGAG OX3ADGAGGCCGAAAGGCCGAA AGOX3CG 

1164 AGCAGGA COGADGAGGCCGAAAGGCCGAA AAGCUGC 
1155 AGAGCAG CDGAIX5AGGCCGAAAGGCCGAA AGAAGCO 
1172 GG00GCA COGADGAGGCCGAAAGGCCGAA AGCAGGA 

1200 UGUGUAU QX3ACK3AGGCCGAAAGGCCGAA AGC0GGC 

1201 DOGDGDA aX3»IX3AGGCa3AAAGGCCGAA AAGCDGG 
1203 UCUUUUG COGADGAGGCCGAAAGGCCGAA ADAAGCO 

1227 GGACACG aXS^XSVGGCOGAAAGCKXX^ AGCUCCC 

1228 AGGACAC CCOJ33AGGCCGAAAGGCCGAA AAGCOCC 
1233 CAQACAG COGADC^GGCCGAAAGGCCGAA ACACGAA 
1238 GGGGCCA COGADGAGGCCGAAAGGCCGAA ACAGGAC 
1264 CCCGGAC C0GAUGAGGO2SAAAGGCCGAA ADCCCCC 
1267 UUUCCCG OX3AIX3AGGCCGAAAGGCCGAA ACAADCC 

1294 UGCUGGG CDGAD3AGGCCGAAAGGCXGAA ADDUDCD 

1295 COGCOGG CDGADGAGGCCGAAAGGCCGAA AADODUC 
1306 CACADOG COGAD^GGCCGAAAGGCQGAA AGOCOGC 
1321 UOCCCCC CTGADGAGGCCGAAAGGCCGAA AGCCOGG 
1334 COCGGGC OT2ADGAGGCCGAAAGGCCGAA AOGGGOO 
1344 GACACOU COGADGAGGCCGAAAGGCCGAA AGCOCGG 
1351 UCCDDUA C0GAD3AGGCCGAAAGGCCGAA ACACDCG 
1353 CADCCOa OTSADGAGGCCGAAAGGCCGAA AGACAOJ 

1366 AGOGGGA 03GAOGAGGCCGAAAGGCCGAA AGOGCCA 

1367 CAOTGGG COGADGAGGCCGAAAGGCCGAA AAGOGCC 

1368 GCAGOGG COGATOAGGCCGAAAGGCCGAA AAAGDGC 
1380 AUOCCCC C0GAIX3AGGCCGAAAGGCCGAA ADGGGCA 
1388 AGUCACU COGADGAGGCCGAAAGGCCGAA ADUCCCC 
1398 CUCGAGO COGAD3AGGCCGAAAGGCCGAA ACAGOCA 
1402 AGADCUC COGADGAGGCCGAAAGGCCGAA AGOGACA 
1408 CCCOCAA COGAUGAGGCCGAAAGGCCGAA ADCOCGA 
1410 - UGCCCOC CD3AD3AGGCCGAAAGGCCGAA AGADCOC 
1421 ACAGAGG COGADGAGGCCGAAAGGCCGAA AGGOGCC 
1425 CCCGACA COGADGAGGCCGAAAGGCCGAA AGGOAGG 
1429 CUGGCCC COGADGAGGCCGAAAGGCCGAA ACAGAGG 
1444 UCCCOKJ COGADGAGGCCGAAAGGCCGAA AGDGCUC 
1455 CGCGGGa COGAUGAGGCCGAAAGGCCGAA ACCOCCC 
1482 GGGGGGA COGADGAGGCCGAAAGGCCGAA AGCACAU 
1484 CCGGGGG COGADGAGGCCGAAAGGCCGAA AGAGCAC 
1493 AADCUCA COGADGAGGCCGAAAGGCCGAA ACCGGGG 
1500 OGAOGAC COGADGAGGCCGAAAGGCCGAA ADCOCAU 
1503 OGAOGAU COGADGAGGCCGAAAGGCCGAA ACAAOCU 
1506 CAGUGAU COGADGAGGCCGAAAGGCCGAA ADGACAA 
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1509 CCACAGO CtXSMXSAGGCCGAAAGGGOGAA ADGMX5A 

1518 CGGCUGC (EGADGAGGCXGAAAGGCCGAA ACCACAG 

1530 CCAOUA0 COGADQAGGCGGAAAGGCCGAA ACOGCGG 

1533 UGCCCAU OTSAD3AGGCCGAAAGGCCGAA ADGACUG 

1551 AOGOGCa COGADGAGGCCGAAACGCCGAA AGGCCOG 

1559 AHAGAGG. COGADGAGGCCGAAAGGCCGAA ACGUGCU 

1563 GGOOADA OTGADGAGGCXGAAACGCGGAA AGGUACG 

1565 GCGGUUA COGMX^GCCGAAAGGCCSAA AGAGGOA 

1567 UGGCGGO CDGMXSUSGCCGAAAGGCCGaA ADAGAGG 

1584 ADUOCOU COGADGAGGCCGAAAGGCCGAA ADCUUCC 

1592 T3AGUC0G CUGAXXIAGGCCGAAAGGCCGAA ADUOCGtf 

1599 CCOGOOG CXGADGaGGCCGAAAGGCTGAA AG UC UQJ 

1651 GDDCAGG aXSUXSAGGCCGAAAGGCXGAA AGGCGOG 

1661 CCCGGGA CXXSAIXSAGGOOCsAAAGGCOGAA AGGOOCA 

1663 GGCCCGG aX5AtX3AGGCCGAAAGGCCGAA ADAQGDU 

1678 CGAGGAA OTSADGAGGCCGAAAQGCOGAA AGGCCCU 

1660 GCCGAGG CUGADGAQ3CCGAAAGGCCGAA AGAGGCC 

1681 GGCCGAG 03GADGAGGCCGAAAGGCCGAA AAGAGGC 

1684 GAAGGCC COGAIX3AGGCCGAAAGGCCGAA AGGAAGA 

1690 AUADGGG COGM3GAGGCCGAAAGGCCGAA AGGCCGA 

1691 AADADGG COGMX3AGGCCGAAA£S3CCGAA AAGGCCG 
1696 CCACCAA COGADGAGGCCGAAAGGCCGAA ADGGGAA 
1698 UGCCACC CDGAIXAGGCCGAAAGGCCGAA ADADGGG 
1737 OCDGGCA CDGADGAGGCCGAAAGGCX33AA ADGOCOT 
1750 GDAGGOG COGADGAGGCCGAAAGGCCGAA AGCOGCA 
1756 GGGCCGG COGADGAGGCGGAAAGGCOGAA AGGOGOA 
1787 DGAGGAC COGADGAGGCCGAAAGGCCGAA ADGCCCO 
1790 GACUGAG CTJGAIXGAGGCCGAAAGGCCGAA ACAADGC 
1793 UCDGACa CDGAD3AGGCCGAAAGGCCGAA AGGACAA 
1797 DGOADOr COGAIXSAGGCCGAAAGGCCGAA AC0GAGG 
1802 GCOGOOG OKAIX3AGGCCGAAAGGCCGAA AOCOGAC 

1812 GGCCCCA C0GAIX3AGGCCGAAAGGCCGAA ADGCUOT 

1813 UGGCCCC COGADGAGGCCGAAAGGCXX3AA AADGCDG 
1825 GOGCAGG CCIGMXSAGGCCGAAAGGCCGAA ACCADGG 
1837 AGOGUUO OJGAOGAGGCXEAAAGGCCGAA AGGOGOG 
1845 CGDGGCC CUGMX5AGGCCGAAAGGCCGAA AGUGU U U 
1856 CAGAOCA COGADGAGGCCGAAAGGCCGAA ADGCGCG 
1861 GACUACA COGMX3AGGCXX2AAAGGCXGAA AOCAGA0 
1865 AUGUGAC CDGftlXSAGCXaaAAfiGCCGAA ACAGADC 
1868 GOCADGa COGACX3AGGCCGAAAGGCCGAA ACUACAG 
1877 CODGGCa COGMJGAGGCCGAAAflGCCGAA AGOCADG 
1901 AUGUCUa ODGADGAGGCCGAAA0GCCGAA AGOCUCG 
1912 ADCCADC OT3AIXSAGGCCGAAAGGCOGAA ADCADGtf 

1922 AGACOOa CTGADGAGGCCGAAAGGCCGAA ACADCCA 

1923 UAGACUU CCX3AOGAGGGGGAAAGGCCGAA AACADCC 
1928 CAGGCUA CUGADGAGGCCGAAAGGCCGAA ACUOUAA 
1930 AUCAGGC COGAIXaAGGCOGAAAjSGCCGAA AGACUUU 
1964 OJGGGGC C0GM3GAGGCCGAAAGGCCGAA ADGOCOC 
1983 CCAGOUG COGADGAGGCCGAAAGGCCGAA ADGOCOT 
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1996 GUOOCAG OJSADGAGGCCGAAAGGCCGAA AUOOCCC 

2005 AGGCAGC CTGMjGAGGCCGAAAGGCCGAA AGOOOCA 

2013 OACCCAA COGADGAGGCCGAAAGGCCGAA AGGCAGC 

2015 CADACCC COGADGAGGCCGAAAGGCCGAA ADAGGCA 

2020 COCAGCA COGAD3AGGCCX5AAAJGGCCGAA ACCCAAU 

2039 CDDCDGU OX^GAGGCCGAAACGCCGAA AGOCOGO 

2040 UCUOCDG COGADGAGGCCGAAAGGCCGAA AAGOCCG 
2057 GOCUADG COGADGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACAB3DC COGATCAGGCCGAAAGGCCGAA AD3GAGG 
2071 COGADGAGGCCGAAAGGCCGAA ACACACG 
2076 GOGOOOa COGADGAGGCCGAAAGGCCGAA ADGCUAC 

2097 CGOCAGG COGADGAGGCCGAAAGGCCGAA AGOGGGG 

2098 CCGOCAG C0GAD3AGGCCGAAAGGCCGAA AAGOGOG 
2115 AGOGCCC COGADGAGGCCGAAAGGCCGAA AGCOGGC 
2128 GOCAGOA COGADGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGUCAG CtJGAUGAGGCCGAAAGGCOGAA AGACAGC 
2145 UADCADC COGADGAGGCCGAAAGGCCGAA AGGGOUG 
2152 AAABACA CTX3AD2AGGCCGAAAGGCCGAA ADCADCA 
2156 GAADAAA OXSUXSAGGCCGAAAGGCCGAA ACADADC 

2158 ADGAADA COGADGAGGCCGAAAGGCCGAA ADACADA 

2159 AADGAAD COGADGAGGCCGAAAGGCCGAA AADACAD 

2160 AAADGAA COGATOAGGCCGAAAGGCCGAA AAADACA 

2162 ACAAADG OJGADGAGGCCGAAAGGCCGAA ADAAAUA 

2163 AACAAAU COGADGAGGCCGAAAGGCCGAA AAUAAAU 

2166 AADAACA COGADGAGGCCGAAAGGCCGAA ADGAADA 

2167 AAAOAAC COGADGAGGCCGAAAGGCCGAA AADGAAO 

2170 GOAAAAU COGADGAGGCCGAAAGGCCGAA ACAAADG 

2171 GGOAAAA OTGADGAGGCCGAAAGGCCGAA AACAAAU 

2173 COGGUAA COGADGAGGCCGAAAGGCCGAA AUAACAA 

2174 GCOGGQA COGADGAGGCCGAAAGGCCGAA AADAACA 

2175 AGCUGGO COGAU3AGGCCGAAAGGCCGAA AAADAAC 

2176 UAGCOGG OTGADGAGGCCGAAAGGCCGAA AAAAIIAA 
2183 CAAI3AAA OTGADGAGGCCGAAAGGCCGAA AGCOGGO 

2185 COCAADA COGADGAGGCCGAAAGGCCGAA ADAGCOG 

2186 ACUCAA0 COGADGAGGCCGAAAGGCCGAA AADAGCU 

2187 CACOCAA COGADGAGGCCGAAAGGCCGAA AAADAGC 
2189 GACACOC OC7GAJGGAGGCCGAAAGGCCGAA ADAAAUA 
2196 CADAAAA COGADGAGGCCGAAAGGCCGAA ACACUCA 

2198 UACADAA COGADGAGGCCGAAAGGCCGAA AGACAOJ 

2199 COACAUA COGADGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCOACAD COGADGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCOACA COGADGAGGCCGAAAGGCCGAA AAAAGAC 
2205 UUOAGCC COGADGAGGCCGAAAGGCCGAA ACADAAA 
2210 GUOCADU COGADGAGGCCGAAAGGCCGAA AGCCDAC 
2220 AGAGACC COGADGAGGCCGAAAGGCCGAA AOGOOCA 
2224 GGCCAGA COGADGAGGCCGAAAGGCCGAA ACCUADG 
2226 GAGGCCA COGADGAGGCCGAAAGGCCGAA AGACCDA 
2233 GCDCCGU COGADGAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACOGG OTGADGAGGCCGAAAGGCCGAA AGCOCCG 
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2248 UGACAUG CUGADGAGGCCGAAAGGCCGAA ACOGGGA 

2254 OGAADGU CGGAD3AGGCCGAAAGGCCGAA ACADGGA 

2259 GACCDUG CUGADGJU3GCCGAAAGGCCGAA ADGOGAC 

2260 UGACCUU OTSADGAGGCCXSAAAGGCCGAA AADGOGA 
2266 ACCUGGU COGADGAGGCCGAAAGGCCGAA ACCDOGA 
2274 ACAACOG COGATOAGGCCGAAAGGCCGAA ACCOGGO 
2279 CCOGOAC COGADSAGGCCGAAAGGCCGAA ACOGUAC 
2282 CAACCOG COGADGAGGCCGAAAGGCCGAA ACAACCG 
2288 AGOGOAC CTOADSAGGCXGAAAGGCCGAA ACCOGUA 
2291 OGCAGOG COGAD3AGGCGGAAAGGCOGAA ACAAOCCJ 
2321 CCCAOOO aJGADGAGGOSSAAAGGCCGAA AOCDOOU 

2338 CAACGAG COGADGAGGCCGAAAGGCCGAA AGOCCCA 

2339 CCAADGA COC3ADGAGGCCGAAAGGCCGAA AAGOCCC 
2341 GGCCAAD CUGADaAGGCCGAAAGGCCGAA AGAAGOC 
2344 GUOGGCC CX3GADGAGGCCGAAAG3CCGAA ABGAGAA 

2358 COSGGGA CUaADGAGGCOSUUUSGCCGAA AGGCAGG " 

2359 OCOGGGG CUGAUGAGGCCGAAAGGCCGAA AAGGCAG 

2360 OOCOGGG COGADGAGGCCGAAAGGCCGAA AAAGGCA 

2376 ADAGAAA CDGADGAGGGCGAAAGGCCGAA AOCACDC 

2377 GADAGAA COGADGAGGCCGAAAGGCCGAA AADCACD 

2378 CGAUAGA COGADGAGGOXAAAGGCCGAA AAADCAC 

2379 CCGADAG COGADGAGGCCGAAAGGCCGAA AAAADCA 

2380 GCCGADA CIXSOXSAGGCCXAAAGGCCGAA AAAAADC 
2382 GUGCCGA COGAIX2AGGCCGAAAGGCCGAA AGAAAAA 
2384 UOGDGCC OXSADGAGGCXGAAAGGCCGAA ADAGAAA 
2399 GOCCADA C0GADGAGGCO2AAAGGCCGAA AGOGCUU 
2401 CAGOCCA CX3GADGAGGCOGAAAGGCCGAA ADAGOGC 
2411 GAACCAU COGADGAGGCCGAAAGGOCGAA ACCAGUC 

2417 ACCOGOG aXSADGAGGCOSAAAGGCCGAA ACCADUA 

2418 AACCDGU OTGADGAGGCCGAAAGGCCGAA AACCAIXJ 

2425 ADCDCDG OT3AD3AGGOTGAAAGGCCGAA ACCOGOG 

2426 AADCOCQ OXSADGAGGCCGAAJttSGCCGAA AACCOGD 

2433 ACOGGGD COGADGAGGCCGAAAGGCCGAA ADCOCOG 

2434 CACOGGG COGADGAGGCCGAAAGGCOGAA AADCOOJ 

2448 GAGGAAO COGADGAGGCCGAAAGGCCGAA AGGCCDC 

2449 GGAGGAA COGADGAGGCOSAAAGGCCGAA AAGGCCU 

2451 AGGGAGG COGADGAGGCCGAAAGGCCGAA ADAAGGC 

2452 AAGGGAG OT3ADGAGGCCGAAAGGCCGAA AADAAGG 
2455 GGGAAGG COGADGAGGCCGAAAGGCCGAA AGGAAXJA . 

2459 UGGGGGG COGADGAGGCCGAAAGGCCGAA AGGGAGG 

2460 0O3GGGG COGADGAGGCCGAAAGGCCGAA AAGGGAG 

2479 GCOAACA COGADGAGGCCGAAAGGCCGAA AGGOGOC 

2480 GGCQAAC 03GADGAGGCCGAAAGGCCGAA AAGGOGCJ 
- 2483 GGUGGCO COGADGAGGCCGAAAGGCCGAA AtAAAGG 

2484 AGGOGGC COGADGAGGCCGAAAGGCCGAA AACAAAG 

2492 GGGOGGG COGADGAGGCCGAAAGGCCGAA AGGOGGC 

2504 AGAAADG COGADGAGGCCGAAAGGCCGAA ADGOGGG 

2508 OGGCAGA COGADGAGGCCGAAAGGCCGAA ADGOADG 

2509 COGGCAG COGADGAGGCCGAAAGGCCGAA AADGOAU 
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2510 ACOGGCA CXJGAIXSAGGCXXS^AAGGCCGAA AAADGOA 

2520 CT0OGOG CIX3ADGAGGCCGAAAGGCCGAA ACACOGG 

2521 OCAJOUGD CDGADGAGGCCGAAAGGCCGAA AACACOG 
2533 GACCGCU CDGADGAGGCCGAAAGGCCGAA AGDGOCA 
2540 CAGACAD CEJ3ADGAGGCCGAAAGGCCGAA ACCGCDG 
2545 ADGOCCA COGADGAGGCCG&AAGGCCGAA ACADGAC 
2568 UOGGGCA CDGAD3AGGCXX3AAAGGCCGAA ADCCCCa 
2579 CAAGGCA CDGADGAGGCCGAAAGGCCGAA AGCOCGG 
2585 AGAGGAC CCGADGAGGCCGAAAG3CCGAA AGGCAUA 
2588 ACAAGAG CDGADGAGGCCGAAAGGCCGAA ACAAGGC 
2591 AGGACAA 03GADGAGGCCGAAAGGCCGAA AGGACAA 
2593 ACAGGAC OX2AI72AGGCCGAAAGGCCGAA AGAGGAC 
2596 CAAACAG CXGACGAGGCCGAAAGGCCGAA ACAAGAG 

2601 AAADGCA OTSADGAGGCCGAAAGGCCGAA ACAGGAC 

2602 GAAADGC C0GADGAGGCO3AAAGGCCGAA AACAGGA 

2607 CCAGUGA CDGADGAGGCCGAAAGGCCGAA ADGCAAA 

2608 CCCAGOG CCGADGAGGCCGAAAGGCCGAA AADGCAA 

2609 UCCCAGCT OX2VDGAGGCCGAAAGGCCGAA AAADGCA 
2620 ADAGOGC C0GAIX3AGGCCGAAAGGOCGAA AGC0CCC 
2626 GCOGCAA Ctf^DGAGGCCGAAAGGCCGAA AGOGCAA 
2628 GAGCDGC OX3ADGAGGCCGAAAGGCCGAA ADAGOGC 
2635 GAAACDG CJXSADGAGGCCEAAAGGCCGAA AGCOGCA 

2640 OGCAGGA CDGADGAGGCCGAAAGGCCGAA ACOGGAG 

2641 COGCAGG C0GADGAGGCO3AAAGGCCGAA AACOGGA 

2642 ACDGCAG COGADGAGGCOJAAAGGCCGAA AAACOGG 
2653 GGACCCa OX2AIX3AGGCCGAAAGGCCGAA AOCACOG 
2659 COOGCAG OT3AXX3AGGCOGAAAGGGCGAA ACCCOGA 
2689 CCDCCAA CDGADGAGGCCGAAAGGCCGAA ACCOOGG 
2691 GOCCOCC COGAIX3AGGOCGAAAGGCCGAA ADACCOD 
2700 UGGGAGG COGADGAGGCOSAAAGGCCGAA AGDCCOC 
2704 AAGCOGG CDGADGAGGCCGAAAGGCCGAA AGGGAGO 

2711 CCOUCCA CDGADGAGGCCGAAAGGCCGAA AGCOGGG 

2712 CCCOOCC COGAIXSAGGCCGAAAGGCCGAA AAGCOGG 
2721 CGCGGAD QX3ATOAGGCCGAAAGGCCGAA ACOCOOC 
2724 ACACGCG OJGADGAGGCOSAAAGGCCGAA ADGACCC 
2744 COACACA COGADGAGGCOSAAAGGCCGAA ACACACA 
2750 GCOOGOC CDGADGAGGCCGAAAGGCCGAA ACACADA 
2759 AGAGCGA COGAXXSUXCXCAAAGGCCGAA AGCOOGO 
2761 ACAGAGC CXK3ADGAGGCCGAAAGGCCGAA AGAGCOD 
2765 GGOGACA COGATOAGGCCGAAAGGCCGAA AGCGAGA 
2769 CCOGGGa COGAIX3AGGCCGAAAGGCOGAA ACAGAGC 
2797 GAACCAU COGATOAGGCCGAAAGGCCGAA ADDGCAC 

2803 UGCAGOG COGADGAGGCCGAAAGGCCGAA ACCADGA 

2804 OT3CAGO COSAD3AGGCCGAAAGGCCGAA AAOCADG 
2813 AGGOCAA CDGADGAGGCCGAAAGGCCGAA ACDGCAG 
2815 AAAGGOC CDGADGAGGCCGAAAGGCCGAA AGACDGC 

2821 AGCCCAA CDGADGAGGCCGAAAGGCCGAA AGGOCAA 

2822 GAGCCCA CDGADGAGGCCGAAAGGCCGAA AAGGDCA 

2823 DGAGCCC CDGADGAGGCCGAAAGGCCGAA AAAGGOC 
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2829 ADCACOO CDGADGAGGCCGAAAGGCCGAA AGCCCAA 

2837 GOGGGAG COGADGAGGCCGAAAGGCCGAA ADCACOO 

2840 GAGGDGG CDGATX3AGGCCGAAAGGCCGAA AGGADCA 

2847 GGAGGCO COGADGAGGCCGAAAGGCCGAA AGGOGGG 

2853 UACOCAG COGADGAGGCCGAAAGGCCGAA AGGCOGA 

2860 UCCCAGC CDGADCSVGGCCGAAAGGCCGAA ACOCAGG 

2872 GUGAGCC aX^UXSAGGCOSAAAGGCCGAA AOGGOCC 

2877 GUGUUGU COGADGAGGCCGAAAGGCCGAA AGCCOAD 

2899 AAAADCA COGADGAGGCCGAAAGGCCGAA ADOCGCC 

2900 AAAAADC CTCMX3AGGCCGAAAGGCCGAA AADOCGC 

2904 AAAAAAA COGADGAGGCCGAAAGGCCGAA AUCAAAU 

2905 AAAAAAA CUGAUGAGGCCSAAAGGCCGAA AADCAAA 

2906 AAAAAAA CXJ3ADGAGGCCGAAAGGCOGAA AAADCAA 

2907 AAAAAAA COGADGAGGCCGAAAGGCCGAA AAAAOCA 

2908 AAAAAAA QJGAOGAGGCCGAAAGGOCGAA AAAAADC 

2909 AAAAAAA COGADGAGGCCGAAAGGCCGAA AAAAAAU 

2910 AAAAAAA CDGADSAGGCCGAAAQGOCGAA AAAAAAA 

2911 AAAAAAA COGADGAGGCCX3AAAGGCOGAA AAAAAAA 

2912 GAAAAAA COSADGAGGCaSAAAGGCOGAA AAAAAAA 

2913 UGAAAAA OX3AIX3AGGCCGAAAGGCCGAA AAAAAAA 

2914 COGAAAA COGADGAGGCCGAAAGGCOGAA AAAAAAA 

2915 OCOGAAA CXX3AOGAGGCCGAAAGGCCGAA AAAAAAA 

2916 CUC0GAA COGADGAGGCCGAAAGGCCGAA AAAAAAA 

2917 UCOCOGA COGADGAGGCCGAAAGGCCGAA AAAAAAA 

2918 GOCOCOG OT3AD3AQGCCGAAAGGCCGAA AAAAAAA 

2919 CGOCOCO (XGAD3AGGCCGAAAGGCCGAA AAAAAAA 
2931 GOOGCGA COGADGAGGCCGAAAGGCCGAA ACCCCGO 
2933 ADGOOGC COGADGAGGCCGAAAGGCCGAA AGACCCC 
2941 OCDGGGC COGADGAGGCCGAAAGGCCGAA ADGOOGC 

2951 . ACAAAGG COGADGAGGCCGAAAGGCCGAA AG OC OGG 

2952 CACAAAG COGADGAGGCCGAAAGGCCGAA AAGOCOG 

2955 OAACACA COGADGAGGCCGAAAGGCCGAA AGGAAGO 

2956 CDAACAC COGADGAGGCCGAAAGGCCGAA AAGGAAG 

2961 AUOAACO COGADGAGGCCGAAAGGCCGAA ACACAAA 

2962 OADOAAC COGAXX3AGGCCGAAAGGCCGAA AACACAA 

2965 CUUUADO COGAD3AGGCCGAAAGGCCGAA ACOAACA 

2966 GCOOOAD COGADGAGGCCGAAAGGCCGAA AACOAAC 
2969 AAAGCOO COGADGAGGCCGAAAGGCCGAA ADOAACO 

2975 GOOGAGA COGADGAGGCCGAAAGGCCGAA AGCOOOA 

2976 AGOUGAG COGADGAGGCCGAAAGGCCGAA AAGCOOO 

2977 CAGOOGA COGADGAGGCCGAAAGGCCGAA AAAGCOO 
2979 GGCAGOO COGADGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Ribozyme Sequence 



nt Position Ribozyme Sequence 

U CAACGGD OK3AOGAGGCa3AAAGGraaA ACCAGGG 

23 AGCAGAG OXStfXMGCXXSAAAJSGCa^ ACCACCG 

26 AGGAGCA CDG£UX*AGGCCGAAAGGCGGAA AGAACCA 

31 OGOGGAG COGOTSAGGCCGAAAGGCCGAA AGCAGAG 

34 CGACCCU COGADGAGGCnSftAAGGCOGAA AUGAGAA 

40 AGGCUAC C0GADGAGGCO3AAGGCCGAA AGOGOGC 

48 CCAGGCD OT3ADGAGGCCGAAAGGCCGAA AGGOCUJ 

S4 CCAUCAC OJGAIX2AGGCa3AAAGGCCGAA AGGCCCA 

' 58 GGAGCUA. CDGAXX5AGGCCGAAAGGCGGAA AGGCADG 

64 COGCOGG OTGWXSAGGCaSAAAGGCXaSAA AGGGGOG 

96 GGGCCAG CTX2ADGAGGCCGAAAGGCCGAA AGCAGAG 

102 CCAGCAG OJGAIX3&GGCCGAAAGGCCGAA ACOGGCA 

108 GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 

115 AGGAGCA OT3ADGAGGCCGAAAGGCCGAA AGAACCA 

119 OCC0GGO COGADGAGGCCGAAAGGCCGAA ACADOCC 

120 GGGCCAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 
146 GGAAGCG OX3AIX3AGGCCGAAAGGCCGAA ACGACOG 

152 AGOGGCa COGAD3AGGGCGAAAGGCOGAA ACACAGA 

153 GGUUUUU CUGADGAGGCCGAAAGGCCGAA AACAGGA 
165 GCAAAAC CXR3ADGAGGCCGAAAGGCCGAA AOKJC0G 
168 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCOO 
185 CDGCACG CDGADGAGGCCGAAAGGCCGAA ACCCACC 
209 GCCAGAG CDGADGAGGCCGAAAGGCCGAA. AAG0QGC 
227 GCAAAAC CDGADGAGGCCGAAAGGCCGAA AC00C0G 
230 GGAGCAA CDGAX7GAGGCCGAAAGGOCGAA ACAACDU 
237 ' AGOOCOC COGADGAGGCCGAAAGGCCGAA AAGCACA 
248 UUUAGGA CDGADGAGGCCGAAAGGCCGAA ADGGGDU 
253 DCDOCOJ CDGADGAGGCCGAAAGGCCGAA AGGCAGG 
263 CAGDAGA CDGADGAGGCCGAAAGGCCGAA AAACCCD 
267 DAGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCCCD 
293 CAGCOCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
319 GGCOCAG CDGADGAGGCCGAAAGGCCGAA ADCDCCU 
335 GUUCOCA COGADGAGGCCGAAAGGCCGAA AGCAGAG 

337 CAGDGOG COGADGAGGCCGAAAGGCCGAA ADUGGAC 

338 OCAGC0C COGADGAGGCCGAAAGGCCGAA AACAGCU 
359 AGCGGAC CDGADGAGGCCGAAAGGCCGAA ACDGCAC 
367 CGGGOUG CUGADGAGGCCGAAAGGCCGAA AGCCAUD 

374 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCUDC 

375 GGGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCDD 
378 ACAOGGU CDGADGAGGCCGAAAGGCCGAA ADGGOAG 
386 AAACGAA COGADGAGGCCGAAAGGCCGAA ACACGGO 
394 AGADCGA CDGADGAGGCCGAAAGGCCGAA AGOCCGG 
420 CGGGGGG CUGADGAGGCCGAAAGGCCGAA AAGDGDG 
425 CDGCDGG CDGADGAGGCCGAAAGGCCGAA AGGGGDG 
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427 CACUGCU COGAIX5AGGCCGAAAGGCCGAA AGAGCUG 

450 GCAGGGU CDGADGAGGCCGAAAGGCCGAA AGGUCCU 

451 CAAAGGA CtX^TCAGGCCGAAAGGCCGAA AGGUOUC 
456 AGUGGCU OTGADGAGGCX3IAAAGGCCGAA AGGGUAA 
495 ACACGGU CUGADGAGGCCGAAAGGCCGAA ADGGUAG 
510 CCCCXCG CUGAOGAGGCCGAAAJ3GCCGAA. AGCAGCA 
564 GGAUGGA CUGADGAGGCCGAAAGGCCGAA ACCOGAG 
592 CCCADGU CCGADGAGGCCGMAGGCCGAA AJCCUOUC 

607 CADGAGA OX^UGAGGCCGAAAGGCCGAA ADUGGCU 

608 GCADGAG CUGADGAGGCCGAAAGGCCGAA AADUGGC 

609 GGCADGA CUGADGAGGCCGAAAGGCCGAA AAADUGG 
611 GCGGCAU CUGADGAGGCCGAAAGGCCGAA AGAAADU 
656 CAGCUCA OTGADGAGGCCGAAAGGCCGAA ACAGCOU 

■ 657 UCAGCDC OT3ADGAGGCCGAAAGGCCGAA AACAGCU 

668 GGDGGCC CUGADGAGGCCGAAAGGCCGAA AGGCUCG 

677 AGGCDGG CUGADGAGGCCGAAAGGCCGAA AGAGGOC 

684 AGGACCG CUGADGAGGCCGAAAGGCCGAA AGCUGAA 

692 AAGADCG CUGADGAGGCCGAAAGGCCGAA AAGUCCG 

693 GCAGGGU OX3ADGAGGCCGAAAGGCCGAA AGGUCCU 
696 GAGGCAG CUGADGAGGCOSAAAGGCCGAA AAACAGG 
709 UGAGGUG OT3ADGAGGCCGAAAGGCCGAA AGOOGCC 
720 AGCUGAA CUGADGAGGCCGAAAGGCCGAA AGUUGUA 
723 CGGAGCU CUGADGAGGCCGAAAGGCCGAA AAAAGUU 
735 UCUCCAG CDGADGAGGCCGAAAGGCOGAA, ADCDGGU 
738 CCAUCAC CUGAUGAGGCCGAAAGGCCGAA AGGCCCA 
765 GGAAGCG CUGADGAGGCCGAAAGGCCGAA ACGACOG 

769 GGCAGGA CUGADGAGGCCGAAAGGCCGAA ACAGGCC 

770 UUCCAGG CUGADGAGGCCGAAAGGCCGAA AGCAAAA 

785 GGCAGGA CUGADGAGGCCGAAAGGCCGAA ACAGGCC 

786 AGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGC 
792 CUUCCGA CUGADGAGGCCGAAAGGCCGAA ACCUCCA 
794 AGUCUCC CUGADGAGGCCGAAAGGCCGAA AGOCCAG 
807 CCAGGUA CUGADGAGGCCGAAAGGCCGAA ADCCGAG 
833 GGGOGOC CUGADGAGGCCGAAAGGCCGAA AGCUUUG 
846 CAACGGU CUGADGAGGCCGAAAGGCCGAA. ACCAGGG 
851 GCUGGUA CUGADGAGGCCGAAAGGCCGAA. AGGUCDC 
863 CCAGAGG CUGADGAGGCCGAAAGGCCGAA AGUGGCU 

866 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUC 

867 DCDCCGG CUGADGAGGCCGAAAGGCCGAA AAOGAAU 
869 CUUGCAD CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
881 ACGGGUU CUGADGAGGCCGAAAGGCCGAA AAGCCAU 
885 CCACCUC CUGADGAGGCCGAAAGGCCGAA ACCAAGG 
933 CCAGAAD CUGADGAGGCCGAAAGGCCGAA ADUADAG 
936 GCACCAG CUGADGAGGCCGAAAGGCCGAA ADGADUA 
978 AGUUGUA CUGADGAGGCCGAAAGGCCGAA ACUGUUA 
980 - AAAGUUG CUGADGAGGCCGAAAGGCCGAA AGACUGU 

986 AGCUGAA CUGADGAGGCCGAAAGGCCGAA AGUDGOA 

987 GAGCUGA CUGADGAGGCCGAAAGGCCGAA. AAGUDGU 
S88 GGAGCUG CUGADGAGGCCGAAAGGCCGAA AAAGUUG 
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1005 UCUCCAG COGADGAGGCCGAAAGGCCGAA AUCDGGU 

1006 OUCCCCA COGMXSU3GCCGAAAGGCCGAA ACOCOCA 
1023 CUOCCGA COGADGAGGCCGAAAGGCCGAA ACOXXA 
1025 CCCUOCC COGADGAGGCCGAAAGGCCGAA AGACCDC 
1066 UUADUUU COGAUGAGGCCGAAAGGCCGAA AGAGDGG 

1092 GGCCOGA COGADGAGGCCGAAAGGCCGAA ADCCAGU 

1093 UUGGCUG COGADGAGGCCGAAAGGCCGAA AGGOCCA 
1125 UCAAGAA OJGADGAGGCCGAAAGGCCGAA AGU0QGG 

1163 GCAAAAG COGADGAGGCCGAAAGGCCGAA AQCUOCG 

1164 AGCAAAA COGAIX3AGGCCGAAAGGCCGAA AAGCUOC 
1166 AGAGCAA COGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGUUUUU COGADGAGGCCX2AAAGGCCGAA AACAGGA 

1200 UGOGGAG COGADGAGGCCGAAAGGCCGAA AGCAGAG 

1201 COGOOCA C0GAIX2AGGCCGAAAGGCCGAA AAGCAGC 
1203 ACOGOT3 CXJ3ADGAGGCCGAAAGGCCGAA AAAAAGU 

1227 GCACACG OX3W3G2U3GCCGAAAGGCCG^ ADGOACC 

1228 AGCAAAA COSADGAGGC03AAAGGCCGAA AAGCOUC 
1233 CUCOOCG aJGADGAGGOSGAAAGGCCGAA AAACGAA 
1238 AGGACCA COGADGAGGCCGAAAGGCCGAA ACAGCAC 
1264 COOGCAC OX3A0GAGGCCGAAAGGCCGAA ACCCCOC 
1267 UUCCCCA COGADGAGGCCGAAAGGCCGAA ACOCOCA 

1294 GGCOCAG COGADGAGGCCGAAAGGCCGAA ADCOCCU 

1295 CUGCOSA COGADGAGGCCGAAAGGCCGAA ACCCCDC 
1306 CADOOCA COGADGAGGCCGAAAGGCCGAA AGUCOGC 
1321 UCCOCCU COGADGAGGCCGAAAGGCCGAA AGCCDOC 
1334 UUOAGGA COGADGAGGCCGAAAGGCCGAA AOGGGUU 
1344 CACOCOC COGADGAGGCCGAAAGGCCGAA AGCOCAU 
1351 UAACUUA COGADGAGGCCGAAAGGCCGAA ACADOCA 
1353 CACCOUC CXJGADGAGGCOSAAAGGCCGAA ACCCACO 

1366 AGOOGOA OX2AIX3AGGCCGAAAGGCCGAA ACUG0OA 

1367 AGGOGGG COGADGAGGCX23AAAGGCCGAA AGGOGCU 

1368 AGAGUGG COGAIX3AGGCCX3AAAGGCCGAA ACAGOAC 
1380 CCACCCC CXX3AIX3AGGCCGAAAGGCCGAA ADGGGCA 
1388 AGCCACa COGADGAGGCCGAAAGGCCGAA AG0C0CC 
1398 GOOCDGO OX3ADGAQGCCGAAAGGCCGAA ACAGCCA 
1402 AGUUCOC COGADGAGGCXGAAAGGCCGAA AAGCACA 
1408 CCDCCCC C0GAD3AGGCCGAAAGGCCGAA ADCUCGC 
1410 CCCUOCC COG3UPGAGGCCGAAAGGOCGAA AGACCDC 
1421 ACAAAAG COGAK2AGGCCGAAAGGCCGAA AGGOGGG 
1425 COCOACC COGAUGAGGCCGAAAGGCCGAA AGGCAGO 
1429 CAGGGGC OJGADGAGGCCGAAAGGCCGAA AUAGAGA 
1444 UCCOCCU COGADGAGGCCGAAAGGCCGAA AGCCDOC 
1455 UCCOGGU COGADGAGGCCGAAAGGCCGAA ACA00CC 
1482 GGGAGCA COGADGAGGCCGAAAGGCCGAA AACAACO 
1484 CAUGAGG COGADGAGGCCGAAAGGCCGAA AGAACAG 
1493 GO0COCA COGADGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAU COGADGAGGCCGAAAGGCCGAA AUUOCAU 
1503 GAAOGAU COGAUGAGGCCGAAAGGCCGAA AUAGUCC 
1506 CGGUUAU COGADGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGU CtXSMJGAG^CCGAAAGGCCGAA AUGGUAG 

1518 CGCCOGG COGATXSAGGCOGAAAGGCCGAA ACCADGA 

1530 CCAGAAQ CUGADGAGGCCGAAAGGCCGAA ADUABAG 

1533 GGCCCAC aJGATOAGGCCGAAAGGCCGAA ADGACCA 

1551 AGCUGCU COGAD3AGGCCGAAAGGCCGAA AGGCADG 

1559 AGGUGGG OXSADSAGGCCGAAAGGCCGAA AGGOGOJ 

1563 GGUUADA GjGADGAGGCCGAAAGGCCGAA ACAUAAG 

1565 GCGGUUA CUGADGAGGCCGAAAGGCCGAA AAACADA 

1567 DGGCGGa COGArcAGGCOGAAAGGCOSA AUAAACA 

1584 ADADCCU OT2ADGAGGCCGAAAGG02GAA ADCDUCJC 

1592 UAACTO3 OX3ADGAGGCCGAAAGGCCGAA AUADCCU 

1599 CCUUCDG CJX3A3CKSAGGCQGAAAGGCCGAA AACOTGD 

1651 GCUCAGG OX3KX3AGGCCGAAAGGCCGAA AGGOGGG 

1661 CAAAGGA COGMXSAGGCCGAAAGGCCGAA AGGOOTC 

1663 UUCAAAG CUGADGAGGCOSAAAGGCCGAA AAAGGUD 

1678 CCAGGCa CTGAIX3AGGCCGAAAGGCCGAA AGGOCCU 

1680 CCAGAGG aXSADGAGGCCGAAAGGCCGAA AGUGGCD 

1681 GCCAGAG CCGADGAGGCCGAAAGGCCGAA AAGOGGC 
1684 ACAGCCA COGADGAGGCCGAAAGGCCGAA AGGAAOT 

1690 AGADCGA COGADGAGGCCGAAAGGCCGAA AGOCCGG 

1691 AAGADCG CIX3ADGAGGCCGAAAGGCOGAA AAGUCCG 
1696 CCACCCC (XGMXSAGGCCGAAAGGCCGAA ADGGGCA 
1698 CUCCAGG (XGADGAGGCCGAAAGGCCGAA ADADCCG 
1737 GCDGGOA CUGADGAGGCCGAAAGGCCGAA AGGOCOC 
1750 UGAGGOG CtXSADGAGGCCGAAAGGO^GAA AGCCGCC 
1756 GGGCAGG CUGAIXSAGGCCGAAAGGCCGAA AGGCUUC 
1787 UGQGGAC COGADGAGGCCGAAAGGCCGAA ADGUCUC 
1790 ADUAGAG CDGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 UCCAGCC CUGADGAGGCCGAAAGGCCGAA AGGACCA 
1797 UUOADGU COGADGAGGCCGAAAGGCCGAA ACUGGUG 
1802 UCUCCAG CUGACKSAGGCCGAAAGGCCGAA ADCOGGU 

1812 GGCCOGA CDGADGAGGCCGAAAGGCCGAA ADCCAGU 

1813 UGAGGGU CUGADGAGGCCGAAAGGCCGAA AADGCDG 
1825 GCAGAGG OX3ADGAGGCCGAAAGGCCGAA AGGGOGG 
1837 GGAGCUA CUGADGAGGCCGAAAGGCCGAA AGGCADG 
1845 GGUGGCC CUGADGAGGCCGAAAGGCCGAA AGQOTQG 
1856 AAGADCG CUGADGAGGCCGAAAGGCCGAA AAGDCCG 
1861 UAOX3GA OTGADGAGGCX3GAAAGGCCGAA ADCADGU 

' 1865 OX3AGGC COGADGAGGCCGAAAGGCCGAA ACAAGOG 

1868 UUUADGU CDGADGAGGCCGAAAGGCCGAA ACOGGUG 

1877 AGOT3CU CDGADGAGGCCGAAAGGCCGAA AGGCADG 

1901 GUCCCUU CUGADGAGGCCGAAAGGCCGAA AGUUOUA 

1912 ACUGADC CUGADGAGGCCGAAAGGCCGAA ACUADAD 

1922 UAACUUA CDGAUGAGGCCGAAAGGCCGAA ACADUCA 

1923 GADACCU CUGADGAGGCCGAAAGGCCGAA AGCADCA 
1928 CUGGUAA CUGADGAGGCCGAAAGGCCGAA ACUCUAA 
1930 AGCOGGU aXSMXSAGGKXGAAAGGCCGAA AAACUOJ 
1964 UGGGGAC OJGAUGAGGCCGA^GGCCGAA ACGOCOC 
1983 UAACUUG CUGADGAGGCCGAAAGGCCGAA AuAUCCU 
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1996 GGCUCAG COGADGAGGCCGAAAGGCCGAA ADCOCCD 

2005 GGUCCGC CIXSADGAGGCCGAAAGGCXGAA AGCOCCA 

2013 UACUCAA COGAIX2AGGCCGAAAGGCCGAA AAAUAGC 

2015 CCACCCC CtXSADGAGGCCGAAAGGCCGAA ADGGGCA 

2020 CUCAGAA aXSADGAGGCOSAAAGGCCGAA AACCACC 

2039 CCUCUGC COGADGAGGCCGAAAGGCCGAA AGCCAGC 

2040 CCUCCAG OJSAOGAGGCXXSAAAGGCCGAA AGGUCAG 
2057 GGADGOG COGAUGAGGCCSAAAGGCXX^AA AGGAGCA 
2061 ACACGGU OT3AIX^AGGCCGAAAGGCCGAA ADGGUAG 
2071 COGAGGC OJGAUGAGGCCGAAAGGCCGAA ACAAGOG 
2076 UAGCOOJ COGADGAGGCCGAAAGGCCGAA AGGCUAC 

2097 CADCAAG COGADGAGGCCGAAAGGCCGAA AGAGOOG 

2098 CGGGGGG CDGADGAGGCCGAAAGGCX^AA AAGOGOG 
2115 ADCCOCC C0GADGAGGCOGAAAGGCCGAA AGCOGGC 
2128 CUCAAOA COGADSAGGCCGAAAGGCCGAA ADAGCOG 
2130 GAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGG 
2145 CADCAAG COGADGAGGCCGAAAGGCCGAA AGAGOOG 
2152 AACUCUA 03GAIX3AGGCCGAAAGGCCGAA ADOAADA 
2156 DAADAAA COGADGAGGCCGAAAGGCCGAA ACADCAA 

2158 AUOAAUA COGADGAGGCCGAAAGGCCGAA ADACAXJC 

2159 AADUAAD C0GADGAGGO3SAAAGGCCGAA AADACAD 

2160 AAADUAA CtCADGAGGCCGAAAGGCCGAA AAADACA 

2162 CDAAADU COGADGAGGCCGAAAGGCCGAA AUAAAUA 

2163 AAOUAAO OX3ADGAGGCCGAAAGGCCGAA AAUACAU 

2166 AAUAGAG COGADGAGGCCGAAAGGCCGAA ADGAAGU 

2167 AAUDAAU COGADGAGGCCGAAAGGCCGAA AAUACAU 

2170 COAAAUU COGADGAGGCCGAAAGGCCGAA ADAAAOA 

2171 GGGAGCA COGADGAGGCCGAAAGGCCGAA AACAACU 

2173 COGGOAA COGADGAGGCCGAAAGGCCGAA ACOCUAA 

2174 GCOGGOA COGADGAGGCCGAAAGGCCGAA AACOCUA 

2175 AGCOGGO COGADGAGGCCGAAAGGCCGAA AAACOOT 

2176 UAGCOGG COGADGAGGCCGAAAGGCCGAA AAAACUC 
2183 CAADAAA COGADGAGGCCGAAAGGCCGAA AGCOGGO 

2185 CUCAADA COGADGAGGCCGAAAGGCCGAA ADAGCOG 

2186 ACOCAAD COGADGAGGCCGAAAGGCCGAA AADAGCD 

2187 OACOCAA COGADGAGGCCGAAAGGCCGAA AAADAGC 
2189 GGOACOC COGADGAGGCCGAAAGGCCGAA ADAAADA 
2196 CADCAAG C03ADGAGGCGGAAAGGCCGAA AGAGOOG 

2198 AACA0AA COGADGAGGCCGAAAGGCCGAA AGGCOGC 

2199 AOAAACA COGADGAGGCCGAAAGGCCGAA AAGAGGC 

2200 COUGCAO COGADGAGGCCGAAAGGCCGAA AGGAAGA 

2201 GCCGACA COGADGAGGCCGAAAGGCCGAA AAAACOU 
2205 UCAGGCC COGADGAGGCCGAAAGGCCGAA ACADAAA 
2210 AGCCACO COGADGAGGCCGAAAGGCCGAA AGDCDCC 
2220 AGAGAAC COGADGAGGCCGAAAGGCCGAA ADGCCAG 
2224 GGADGGA COGADGAGGCCGAAAGGCCGAA ACCOGAG 
2226 GCGGCCO COGADGAGGCCGAAAGGCCGAA AGAUCCA 
2233 CCUCCAG aXSADGAGGCTGAAJiGGCCGAA AGGUCAG 
2242 GGUCCGC COGADGAGGCCGAAAGGCCGAA AGCOCCA 
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2248 OGGGADG COGAUGAGGCCGAAAGGCCGAA AUGGADA 

2254 UCAGUGU CTGADGAGGCCGAAAGGCCGAA AAUUGGA 

2259 CACCGUG COGADGAGGCOGAAAGGGCGAA ADGOGftD 

2260 GCACCGU CCGAUGAGGCCGAAAGGCCGAA AADGOGA 
2266 UCCOGGO CCGADGAlSGCCGAAAGGCCGAA ACADUCC 
2274 OCOCCAG COGADGAGGCCGAAAGGCCGAA ADCUGGQ 
2279 CUUGCAC CUGADGACGCCGAAAGGCCGAA ACCCUDC 
2282 CAGCUCA CDGADGAGGCX^SaAAGGCOSAA ACAGCOU 
2288 AGGCCAO QX^ATOAGGOTSAAAGGCCGAA ACOOAIIA 
2291 AGCAGAG OX3ADGAGGCCGAAAGGCXX3AA ACCACUG 
2321 CCCADGO CDGADGAGGCCGAAAGGCCGAA. AOCODOC 

2338 CAGGCAG OTSADGAGGCCXSAAAGGCCGAA AGOCOCA 

2339 CAAAGGA COGADGACGCCGAAAGGCCGAA AGGOOOC 
2341 AGGCDGG COGADGAGGCCGAAAGGCCGAA AGAGGOC 
2344 GCOGGAA CUGATJGAGGCCGAAAGGCCGAA ADCGAAA 

2358 CUGCOGA CUGADGAGGOT3AAAGGCCGAA AGCUGGG 

2359 UCUGUUC COGAOGAGGCXGAAAGGCCGAA AAAGCAG 

2360 UUGAAAG CUGADGAGGCCGAAAGGCCGAA AAAGGUU 

2376 UCAGAAG C0GADGAGGO33AAAGGCCGAA ACCACCU 

2377 CDCAGAA CCRSADGAiGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CDGATCAGGCCGAAAGGCCGAA AAACCCO 

2379 COUADGA OX3AIX3AGGCCGAAAGGCOGAA AAAAGCA 

2380 GCCGACA COGAIXSAGGCCGAAAGGCCGAA AAAACOT 
2382 GGGGCAA QXiATOAGGCQSAAAGGCCGAA AGAGAAU 
2384 UUGOGUC CUGATOAGGCCGAAAGGCCGAA ACOGGAU 
2399 GOCCACA COGADGAGGCCGAAAGGCCGAA AG U G UUU 
2401 CAGCUCA COGADGAGGCXGAAAGGCCGAA ACAGCUU 
2411 GCADCOJ CDGaDGAGGCOSAAGGCCGAA ACCAGUA 

2417 ACGOADG CDGAUGAGGCCGAAAGGCCGAA ACCAUUC 

2418 GGCCOGA COGAIX3AGGCCGAAAGGCCGAA ADCCAGU 

2425 AACCCDC COGAIX3AGGCCGAAAGGCCGAA ACCCAUG 

2426 AAACOCO OX1ADGAGGCOGAAAGGCCGAA AADDAAU 

2433 GCOGGOA OX3AIXSAGGCCGAAAGGCCGAA AACDCUA 

2434 AGCUGGU COGADGAGGCCGAAAGGCCGAA AAACOCU 

2448 GGGCAGG CDGAUGAGGCCGAAAGGCCGAA AGGCUDC 

2449 GGGGCAG OTGADGAGGCCGAAAGGCCGAA AAGGCUO 

2451 AGGCAGG QX2A0GAGGCQGAAAGGCCGAA AACAGGC 

2452 GAGGCAG CUGAJOfGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG CT7GAIX5AGGCCGAAAGGCCGAA AGGCUUC 

2459 GGGGGGG CDGAI3GAGGCCGAAAGGCCGAA AGOGUGG 

2460 C3GGGGG CUGAPGAGGCCGAAAGGCOGAA AAGUGUG 

2479 GCOGGOA OJ3ADGAGGCCGAAAGGCCGAA AGGUCUC 

2480 GGADCAC COGAIX2AGGCCGAAAGGCCGAA ACGGUGA 

2483 GGOGGCO COGADGAGGCCGAAAGGCCGAA ACADOGG 

2484 GACOGGU CUGAIX3AGGCCGAAAGGCCGAA AAAAAAG 
2492 AGGOGGG COGADGAGGCCGAAAGGCCGAA AGGOGOJ 
2504 ACAAAAG a3GADGAGGCCGAJ*JVGGCCGAA AGGOGGG 

2508 UGGGAUG OT»JBGaGGCCGAAAGGCCGAA AUGGAUA 

2509 CUGGUAA COGAUG^-GGCCGAAAGGCCGAA AOJCUAA 
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2510 GCUGGDA COGAOGAGGCCGAAAGGCCGAA AACDCDA 

2520 CADOGGG CT3GAOGAGGCCGAAAGGCCGAA ACAAAAG 

2521 OGAGGGU COGAOGAGGCCGAAAGGCCGAA AADGCGG 
2533 GAOACCO COGAD3AGGCOGAAAGGGOGAA AGCADCA 
2540 CACAGCG COGAIX^JGGCCGAAAGGCCGAA ACCGCGG 
2545 AGGACCA C0GADGAGGCO2AAAGGCCGAA ACAGCAC 
2568 UUUGACA COGAOGAGGCCGAAAGGCCGAA ACGOCAC 
2579 CAGGCCA CCGADGAGGCXXSAAAGGCCGAA AACDOAU 
2585 AGAGAAC OTGAOGAGGCCGAAAGGCCGAA AOGCCAG 
2588 ADOAGAG COGAIX^JGGCCGAAAGGCCGAA ACAADGC 
2591 , AGGAGCA COGAOGAGGCCGAAAGGCCGAA AGAACCA 
2593 GCAGAGC CXfGADGAGGCCGAAAGGCCGAA AAAGAAG 
2596 CADDGGG CTOAIJGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA COGADGAGGCCGAAAGGCCGAA AQCGG0 

2602 GGGADGG COGAIX1AGGCCGAAAGGCCGAA AGCOGGA 

2607 CCAGGOA COGAOGAGGCCGAAAGGCCGAA AECOGAG 

2608 CACAGCG COGAIJGAGGCCGAAAGGCCGAA ACOGCOG 

2609 UCCOGGO CXJGADGAGGCCGAAAGGCCGAA ACADOCC 
2620 GCAGGGO COGAOGAGGCCGAAAGGCCGAA AGGOCCU 
2626 GCCGGAA COGAOGAGGCCGAAAGGCCGAA ADCGAAA 
2628 AGGCOAC COGAOGAGGCCGAAAGGCCGAA AGOGOGC 
2635 AGGACCG COGAOGAGGCCGAAAGGCCGAA AGCOGAA 

2640 GGCAGGA COGAOGAGGCCGAAAGGCCGAA ACAGGCC 

2641 COGCOGA COGAOGAGGCCGAAAGGCCGAA AGCOGGG 

2642 GAGGCAG C0GAT?GAGGCCGAAAj33CCGAA AAACAGG 
2653 GCADCCO COGAOGAGGCCGAAAGGCCGAA ACCAGOA 
2659 CUOGCAC COGAOGAGGCCGAAAGGCCGAA ACCCOOC 
2689 CCOCGGA COGAOGAGGCCGAAAGGCCGAA ACADOAG 
2691 GGCCOCG COGAOGAGGCCGAAAGGCCGAA AGACADO 
2700 GGGCAGG COGAOGAGGCCGAAAGGCCGAA AGGCOOC 
2704 AGGCOGG COGAOGAGGCCGAAAGGCCGAA AGAGGOC 

2711 COGCOGA COGAOGAGGCCGAAAGGCCGAA AGCOGGG 

2712 CCCOOCC COGAOGAGGCCGAAAGGCCGAA AGACCOC 
2721 COOGCAC COGAOGAGGCCGAAAGGCCGAA ACCCOOC 
2724 GCACACG COGAOGAGGCCGAAAGGCCGAA ADGOACC 
2744 COGCACG COGAOGAGGCCGAAAGGCCGAA ACCCACC 
2750 GGOACOC COGAOGAGGCCGAAAGGCCGAA ADAAAOA 
2759 AGADCGA COGAIJGAGGCCGAAAGGCCGAA AGOCCGG 
2761 GCAGGGU COGAOGAGGCCGAAAGGCCGAA AGGOCCO 
2765 AGCGGCA COGAOGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCOGOOU OJGAOGAGGCCGAAAGGCCGAA ACAGACO 
2797 GGACCAU COGAOGAGGCCGAAAGGCCGAA AOOOCA0 

2803 CGCCOGG CUGADGAGGCCGAAAGGCCGAA ACCAOGA 

2804 COGCACG COGAOGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG COGAOGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGOOG COGAOGAGGCCGAAAGGCCGAA AGACOGO 
2821 CCOCCAG COGAOGAGGCCGAAAGGCCGAA AGGOCAG 
2322 AAGOCCG COGAOGAGGCCGAAAGGCCGAA AGGCUCC 
2823 CGGGAGC COGAOGAGGCCGAAAGGCCGAA AAAGGCA 
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2829 AUGAUUA CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 

2837 UCAGAAG CXRSADGAGGCCGAAAGGCCGAA ACCACOJ 

2840 CAGGCAG CIKSADGAGGCCGAAAGGCCGAA AGOCUCA 

2847 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACADUGG 

2853 AACADAA CUGA03AGGCCGAAAGGCCGAA AGGCOGC 

2860 UCACAGU CXK^UGAGGCCGAAAGGCCGAA ACUUGGC 

2872 CUUGGCU OKADGAGGCCGAAAGGCCGAA AAGGUCC 

2877 GUGADGG CIX3ADGAGGCeX3AAAGGCCGAA AGCGGAA 

2899 AAGADCG OX3AUGAGGCCGAAAGGCCGAA AAGOCCG 

2900 AAAACUC OT3AUGAGGCCGAAAGGCCGAA AAADUAA 

2904 AAUAGAG CUGAUGAGGCXXJAAAGGC02AA ADGAAGa 

2905 CAAUAGA CUGADGAGGCCGAAAGGCCGAA AADGAAG 

2906 UAADAAA OJGADGAGGCCGAAAGGCCGAA ACADCAA 

2907 AAAIJUAA CDGAUGAGGCCGAAAGGCCGAA AAADACA 

2908 AGCAAAA CUGADGAGGCCGAAAGGCCGAA AAGCDDC 

2909 AGAGCAA CTOADGAGGCCGAAAGGOCGAA AGAAGCU 

2910 AAADUAA COGADGAGGCCGAAAGGCCGAA AAADACA * 

2911 AAADUAA CDGAIXSAGGCCGAAAGGCCGAA AAADACA 

2912 GACADUA CDGAUGAGGCCGAAAGGCCGAA AGAACAA 

2913 DGACCAG CUGADGAGGCCGAAAGGCCGAA AGAGAAA 

2914 CUUADGA CDGAUGAGGCCGAAAGGCCGAA AAAAGCA 

2915 UCOAAAD OXSAtJGAGGCaSAAAGGCCGAA AADAAAU 

2916 COCCGGA COGADGAGGCCGAAAGGCCGAA ACGAADA 

2917 DCUCCGG CIX3ADGAGGCCGAAAGGCOGAA AACGAAU 

2918 COCUCCG OX3ADGAGGCCGAAAGGCCGAA AAACGAA 

2919 CGACCCU CUGADGAGGCCGAAAGGCCGAA ADGAGAA 
2931 CUUCCGA CUGADGAGGCCGAAAGGCCGAA ACCUCCA 
2933 CCCOUCC CUGADGAGGCCGAAAGGCCGAA AGACCUC 
2941 UGGGGAC ClX^UGAGGCpSAAAGGCCGAA ADGUCOC 

2951 GCAGAGG CDGAUGAGGCCGAAAGGCCGAA AGCGUGG 

2952 CACAGCG CUGADGAGGCCGAAAGGCCGAA ACUGCUG 

2955 UGACACA CUGAUGAGGCCGAAAGGCCGAA AGUCACU 

2956 UUGADUC CDGAUGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGUGGCU CUGADGAGGCCGAAAGGCCGAA ACACAGA 

2962 AADUAAD CUGADGAGGCCGAAAGGCCGAA AADACAD 

2965 CUUUADU CDGAUGAGGCCGAAAGGCCGAA ADUCAAA 

2966 CCOCOGC CUGADGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACUU CUGAUGAGGCCGAAAGGCCGAA ADUGAUU 

2975 GCUGGUA CDGAUGAGGCCGAAAGGCCGAA AACUCUA 

2976 AGUAGAG CUGADGAGGCCGAAAGGCCGAA AACCCUC 
. 2977 CAGCUCA CUGADGAGGCCGAAAGGCCGAA ACAGCUD 

2979 GGCAAUA CUGADGAGGCCGAAAGGCCGAA AGAAUGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



at • 
Position 
U 


GAjDCCAAU a CACACOGA 


lit « 
Position 
394 


GGGGGGCO 0 COGAACAG 


23 


gcogacot c cuuaxm 


420 


GCACCCCa C CCAGCGCA 


26 


GAACOGCO c TOcaxoa 


425 


CCOCGGCU U CCOCCACC 


31 


CCOCDGCQ C COGGOCCa 


427 


OCCCCGOa U AAAAACCA 


34 


CUGAAGCU C AGAIIAUAC 


450 


AAGAACCa C ADCCOGCG 


40 


COCAAGGQ A CAAGOCCC 


451 


GGGOACOa C CCCCAGGC 


48 


GAGAACCU C GGCCOGGG 


456 


COCGGCCa C DGOCACCA 


54 


CCCCGCCD C CQX2AGCC 


495 
510 


GCCACCAU C ACUGUGUA 


58 


COGOGCCT U UAGCO0CC 


GOGCOGOT C CGOGGGAA 


64 


CAADGGOT U CAACCCGU 


564 


GAAAADGa U CCAAOCAC 


96 


CCUCUGCU C CDGGOCCa 


592 


GGGAGOAU C ACCAGGGA 


102 


C0CC0GOT C C0GGOCGC 


607 


GAGCCAAU 0 GCUCADGC 


108 


GGACOGOT XJ GGGGAACU 


608 


AGCCAAOT U CCCADGCa 


115 


TJCCOACCU U UG0OCCCA 


609 


GCCAADDO C CCADGCOa 


119 


GACACOGU C CCCAACDC 


611 


CAADDOCO C ADGCUUCA 


120 


GUUGUGAU C CCCGQGCC 


656 


gucacogc; a caagaabg 


146 


CCAGACCQ U GGAACOCC 


657 


UCACDGUU C AAGAACGO 


152 


ACCCGGOJ C CACCOCAA 


668 


GAACUGCU C TJOCCUCUU 


158 


AUUUCDUU C ACGAGOCA. 


677 


GCACCCCa C CCAGCGCA 


165 


OGAACAGO A croccccc 


684 


AGGCAGCa C CGGACDOa 


168 


GAAGCCOU C C0GCC0CG 


692 


CCAGACCO U GGAACOCC 


185 


GGGUGGAU C CG0GCAGG 


693 


CGGACD017 C GADCOOCC 


209 


CAGCCCCO A ADCOGACC 


696 


tiOCUUUUU C OJGCCUCD 


227 


GACCAAGU A ACOGOGAA 


709 


CAGCADUU A CCCC0CAC 


230 


CAAGCOGU U GOGGGAGG 


720 


coACAAca a cocagcoc 


237 
248 


CUGAAGCU C GACACCCC 


723 
735 


CAACUUUU C AjGCOCCCA 


GGCCCCCa A CCOUAGGA 


COCOX3GU C CJGGUCGC 


253 


CACOGCOJ C AGOGGAGG 


738 


UCOJGCCO C GGGGOGGA 


263 
267 


GAGCCAAU U DC0CAO3C 


765 
769 


ACOGOGCO U UGAGAACU 


GAAGOCUU C CUGCCOCG 


OCUOGOGU O CCC0GGAA 


293 


GAAGCDCU XJ CAAGC0GA 


770 


OJUGUGUU C CCUGGAAG 


319 
335 
337 


OGGAGGAU C ACAAACGA 


785 
786 
792 


aggccdgd a accDGcca 


ACOGOGCO U OGAGAACO 


GGccoGoa a ccuuccuc 


tPGOGCOAD A TOGOCCOC 


CDCCOGGa C CUUiUCGC 


338 


AAGCOCDO C AAGCDGAG 


794 


occuccco C CGAAGCOC 


359 


CACGCAOT C C0CGGC0O 


807 


GCOCAGAO A UACCOGGA 


367 


CAADGGCU U CAACCCGU 


833 


CCDGGGGU U GGAGACQA 


374 


uoACccca c AcccAcca 


846 


COGACAGO U AUOUADOG 


375 


AGAAGCOJ U CC0GCCOC 


851 


GcocAcar u uagcagco 


378 


ACCCACCU C ACAGGGOA 


863 


CAADGGOJ U CAACCCGU 


386 


CGCOGOGO U UOGGAGCU 


866 


ccADGcaa c coccgaca 
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867 GACCACC0 C CCCACCUA 

863 COCOOCCa C OOGCGAAG 

881 AADGGCOO C AAOCQGOG 

885 GACCAAG0 A AC0GCX3AA 

933 OG0GOAD0 C GOOCCCAG 

936 GCAGAGAU U OOGOGCFCA 

978 UOGAGAAU C OACAACO0 

980 GAGAAECU A CAACOOO0 

986 COACAACU U 

987 0ACAAC3U U UCAGC0CC 

988 ACAACOOU 0 CAGOXXC 

1005 UOCGOGA0 C GOGGOGOC 

1006 GOGGGJG0 A tXZACCAGG 
1023 CCGGAGG0 C OCAGAAGG 
1025 GGAGGOC0 C AGAAGGGG 

1066 ccaAcarcr o g u uox a a 

1092 AGAGGGGU C OCAGCAGA 

1093 ASGGGAA0 C CAGCCCCO 
1125 CCCCAACU C UDGODGA0 

1163 ACGACGC0 0 03000300 

1164 OGACGCO0 C UUUUGCUC 
U66 ACGCUOCO U UDGCOCOG 
1172 CUUUUGCU C OGCGGCCO 

1200 ADCCAADa C ACAC0GAA 

1201 OOGGGCOO C TXX30GG 
1203 GGGCOOC0 C CACAGGOC 

1227 UUGGAACU C CRDGUGC0 

1228 GCGGGCOa C GDGADCGO 
1233 C UC C 0 GG U C C P G G O DGC 
1238 OGOGCGA0 A OGGOCCOC 
1264 GGAAAGAU C AHACGGGG 
1267 GOCACOG0 U CAAGftADG 

1294 CAGAGS00 IX UUUGUCAG 

1295 AGAGGGGO C OCAGCAGA 
1306 AGCAGACa C OOACADGC 
1321 AACAGAGO C 03GGGAAA 
1334 GQADUCGO U CCCAGAGC 
1344 OCGGOGCU C AGGOADCC 
1351 UCAGGCCU A AGAGGACO 
1353 OAGCAGCO C AACAADGG 

1366 AGGGUACO U CCCCCAGG 

1367 GGGUAC0U C CCCCAGGC 

1368 GA0GGOGO C COGCOGCC 
1380 COGCCUAU C GGGADGGO 
1388 OGGAGAC0 A ACOGGADG 
1398 COGGCOGO C ACAGGACA 
1402 CDGUGCOU 0 GAGAACUG 
1408 00CGOGA0 C GOGGOGOC 
1410 CGAACOAU C GAGOGGAC 



1421 QGGG&CUU C CCCCAGGC 

1425 ACCCACCa C COCOGGC0 

1429 ADACDOGU A GCCUCAGG 

1444 AGAAGGOJ C AGGAGGAG 

1455 GGGAGOAU C ACCAGGGA 

1482 AGGGOACa 0 CCCCCAGG 

1484 ACUGCOC0 0 CCOCOOGC 

1493 CCGGGGGO 0 GGAGACOA 

1500 CGOGAAAD 0 AOGGOCAA 

1503 GAAAADGO 0 CCAACCAC 

1506 0GGGOCA0 A ADOGOOGG 

1509 GCCACCAD C ACOGOGOA 

1518 GOCCDGG0 C QCCGOOG0 

1530 ACCOGGG0 C A0AA0DG0 

1533 CCX3A0CAD 0 GOGGGCD0 

1551 GOGGCCC0 C OGCOCGOA 

1559 OGGGAAGU C CC0G0ODA 

1563 rocoAcca 0 ugooccca 

1565 0QACAOC0 A UUAGQGCC 

1567 ACACCQAD 0 ACOGCCAG 

1584 AGGAAGA0 C AGGAHADA 

1592 CAGGADA0 A CAAGOOAC 

1599 0ACAAGO0 A CAGAAGGC 

1651 CCGGGGC0 C CCOGAGCC 

1661 COGCACOO 0 GCOCOGG0 

1663 GAACAGA0 C AADGGACA 

1678 GAGAACC0 C GGCCOGGG 

1680 GGGCOTOJ C CACAGGOC 

1681 GGOCDGO0 0 OCUlaUCJ U C 
1684 CDGCDCG0 A GACCOCDC 

1690 CCCCACCQ A CADACADU 

1691 CCGGACD0 0 CGADCOOC 
1696 COCCOGGU C COGGOCGC 
1698 UCAGAUATJ A CCOGGAGA 
1737 GADCACMJ 0 CAOGGOGC 
1750 GOCCAUUU A CACCOADO 

1756 ccacoGca c cugg u c oj 

1787 GAGAACC0 C GGCCOGGG 

1790 GACACUG0 C CCCAACDC 

1793 ADGGOOCU C ACCOGGAC 

1797 0CCC0GO0 0 AAAAAOCA 

1802 GCOCAGA0 A UACCOGGA 

1812 AACAGAG0 C 0GGGGAAA 

1813 GCGGGCDU C GUGAUCGO 
1825 GCCACCA0 C ACUGOGUA 
1837 ACCCACC0 C ACAGGGOA 
1845 AGAGGACU C GGAGGGGC 
1856 CCCCUAA0 C OGACCOGC 
1861 CADGDGOJ A 0MX3GOCC 



SUBSTITUTE SHEET (RULE 26) 



NUC 37807 



W095O3225 TCMB95/001S6 

203 



1865 




A CiACACAACj 




vaAxvUGUCU C CSnGGoCA 


1863 




C AUAUAAAU 




AuACJUCUU A CAJUGCCAG 


1877 




U I_i_j_i_l-Aljvj 




vsvaGUAJLJJU C CCCCAGGC 


1901 


/■«M *\ ^ A /**TT 

CUAAArU-U 


V* xixttJvaUiU-xi. 






T Q1 *1 


P^ APlfSATT 


p aanisGacA 

^- ArtUVjUftL-fV 




UUOIAjvAjaJ V. x\LsO v xULAxs3 








2210 
2220 


vvyvjxujtru^wf xv x^lajaj^llajt 






C ACCUUUAG 




1 92fl 

—-7 *u O 


GGXAGAU 


X UACCOGGA 


2224 


ACALTACA0 U CCGACCOT 


1530 


UGGAGAGJ 


A ACCGGADG 


2226 


COGGACCO C AGGCCACA 


1964 




tj GuGTJC&GC 


2233 


DCACGCDO* C ACAGAACLT 


1983 


GAGAACCU 


C GGCCCGGG 


2242 


ACACAGCTJ C DCAGvJAGCT 


1996 


CGGAA/rOCX 


C DDCAAGCU 


2248 




2005 


ATCUaAGCT 


U AUUGCCOA 


2254 


AUDCAAro C ACACOGrlA 


2013 


CGC0GCCU 


A GCGGGADG 


2259 


GATJCACAEJ TJ ClCGGCGC 






p arsmTKsrT 




xiU^-JU^rtUU L. xUjL^rU^ivJU 




UxiJUvAjj-iXiVJ 




22£ff 








p iniio?! 




v*AGCAGOT U AACADGUA 


ZU4U 




/ "-f f r* *•'*'"" r y 


£X / j 


bvaAAACxrtU C AUACGGGu 


TACT 








ACAGoUAU U UAjjOgaGTJ 




f2^r*i tppstt 


tt thvp^pptta 




/yyyrwytt pryvn try* 


2fY71 


ib./ t if it j r 

XMJvvLrUWVTVJ 


A ULWUWUN 


22Q1 


WxVjv^riUxvU A ^AxuLxUUAL. 






P. AGGPCIIRA - 


2321 


H. B./^iTT O %.TT&0<— <^~TT 


2097 


PP^ APl'It "1 f 


TJ f 3 fhtcmuctt 


2338 




2098 
2115 
2128 


Pf*T BGM ^ iT 


C CDGGAGGU 


2339 
2341 
2344 




CUCCGACU 


A GGGDCCCG 
A CCAOGAUC 




AGUGCLGU" 


wjvjwjuuU XI Vjlx\LJL«UVvvAv 


2130 


GCCOGCCU 


C CTJGCCOCtJ 


2358 


v^wVvVArv^WLI v* VvUVJUL«xiL.Jl 


2145 


CCAACOCTT 


0 GUUGATJGCT 


2359 


CPlTTpY^irT P PPZLPAPAi 


2152 


UDGAGAAtT 




23 60 


pnmr3TnrTrT r* pr^nryii^/^ 

v^uuvjvAi\JU L» VJLAxVauKVKL* 


2156 




A FTTH DVTTB K32k 


2376 


WxrlAL-UUuU U UUUJUtJUU 


2158 


VA3BWVJUIU/ 


TJ TTJVlKiAMltl 


2377 


f21/ T R RTV^ I TT x**riy^TxltlT^ 


2159 


PJ1 I lf"J TAT7T T 


tt ATtrnx Artnp 


237fl 

Aw / O 


^^f^ 11 ^ 1 ii ti '~ H T Tf W T T IF If V *H ft 

uUJWUJUU C UUUCACGA 


2160 


HI tfTfTATTTTTT 


A ITTTAAHTinA 

xv wvnnwww* 


2379 




2162 


Xi* i^vvW^U 




2380 


rw^^T If it T> ■! t TT fir ^^^'T 


2163 


tiAijnnAntT 


A AUOCAGAG 


2382 


xuJUUUJUU V- xU^UfUiUCA 


2166 


ugauguau 


TJ UACTQAADU 


2384 


TTATTPPfyj'T & fiinmsc' 
Uxvjv^AssaU A uxxwVwVALi 


2167 


GAUGUADU 


TJ ATJDAADOC 


2399 


TjAAAtTAPTj A nsncsrovrr; 


2170 


GUAUUUAU 


U AAUUCAGA 


2401 


UGUGCUAU A UGGOCCOC 


2171 


CAGUUAUU 


U AUCGA30A 


2411 


CAAUUUOJ C ATJQCrjDCA 


2173 


OGUGCOArj 


A UGGTJCaJC 


2417 


ADCAGGAU A UACAAGUU 


2174 


UCUOJAUU 


A CGGCOGCO 


2418 


TJCATJGCtTD C ACAGAACJJ 


2175 


AUUUCUUU 


C ACGAGOCA 


2425 


UUADUAAD U CAGAGOUC 


2176 


GAAAADGG 


U CCAACCAC 


2426 


CC0GGGGQ TJ GGAGACTJA 


2183 


OGACAGOU 


A UUUaUOGA 


2433 


TJCAGAGOTJ C IxGACAGDU 


2185 


ACAGUUAU 


U UAUUGAGU 


2434 


CGGAGGAD C ACAAACGA 


2186 


CAGUDAUlT 


U ATJCGAGOA 


2448 


OGAACAGO A CDOCCCXX 


2187 


AGUUADUU 


A DUGAGDAC 


2449 


GAAGCCTJTJ C CJJGCCOCG 


2189 




U GAGUACCC 


2451 


GGCCDGUU U COT3CCDC 


2196 


cggajcagu 


U ATODAU0G 


2452 


GCCUGL7DTJ C CLX5CCCCJJ 
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A 










CUCCCACA 




U«Unl.LUU 


n 

w 
















n 














V»vUUUUUU 


c 


OCAAEGDC 


2492 


GACCACCtT 


c 


CCCACCUA 


2504 


ACCUACAD 


A 


CAUUCCOA 


2508 


ACAnacAU 


a 


ccuAOcau 


2509 


CAHACAOU 


c 


CUACC0OT 


2510 


G0CCM300 


A 


CACCUAbU 


2520 


ACCCUUGtJ 


V 


CCCAAB3J 


2521 


CCUUUGUU 


C 


CCAADGOC 


2533 


ACAGCAEU 


a 


ACCCCOCA 


2540 


OCGGCGOT 


c 


AGGOADCC 


2545 


AGGCAGCU 


c 


CGGACUUU 


2563 


CAGAGADU 


u 


0GUGUCAG 


2579 


CC0GGACU 


0 


UGCCCDGG 






A 


(2 Aft" 1 jl'i k * 


ZJOO 












p 
w 




















2601 




A 




2602 




C 


GCCGUOGU 


2607 


GUGGGAG0 


A 


0CACCAGG 


2608 


COUUAGCEJ 


C 


CCG0GGGA 


2609 


UGGAGACa 


A 


ACUGGADG 


2620 


UCAGAGOU 


C 


OGACAGOU 


2626 


CUCUCAGO" 


A 


G0GCUGCQ 


2628 


UACAACT0 


a 


DCAGC0CC 


2635 


UCACAGAU 


c 


CAAUOCAC 


2640 


GCOCAGGU 


A 


OCCADCCA 


2641 


CCCCACCQ 


A 


CADACADU 


2642 


gccuguuu 


c 


C0GOCDCU 


2653 


CCACAGGU 


c 


AGGGOGCa 


2659 


AGAAGGGU 


c 


C0GCAAGC 


2689 


ACOAGGGU 


c 


CDGAAGCXT 


2691 


DCAGGCC0 


A 


AGAGGACU 


2700 


AGGGUAOT 


tJ 


CCCCCAGG 


2704 


GACCAOOJ 


c 


CCCACCUA 


2711 


CCCOACCU 


u 


AGGAAGGU 


2712 


CCCACCUU 


A 


GGAAGGOG 


2721 


GGAAAGAU 


C 


AUACGGGU 


2724 


AAGADCA0 


A 


CGGGUUUG 


2744 


GGGOGGATJ 


C 


CGDGCAGG 


2750 


GOCUOWU 


U 


OAAAAACC 


2759 


GACGAACU 


A 


UCGAG0GG 



2761 CGGACUUtf C GADCUUCC 

2765 CUUUUGCa C UGCGGCCU 

2769 UUOJCUAU U ACCCCOGC 

2797 CGDGAAAU U ADGGCCAA 

2803 C0CADGO7 U CACAGAAC 

2804 DCAEGCUO C ACAGAACU 
2813 GC0CCCAD C CCGACCCU 
2815 CGGACOUa C GADCUUCC 

2821 CCOGACCa C CUGGAGGO 

2822 UACAACUU U UCAGCUCC 

2823 CAACOUCU C AGCDCCCA 
2829 DCGGOGCa C AGGOADCC 
2837 CACAGGGCT A CDUCCCCC 
2840 GCACCCCa C CCAGCGCA 
2847 UUACCCCU C ACCCACCa 
2853 O U C GAJ UC U U CCGACDAG 
2&60 0C00G0G0 0 CCCDGGAA 
2872 GGGGOJGO C GGCGCOCA 
2877 OGGAGOCa C CCAGCACC 

2899 AGGCAGCU C CGGACUUU 

2900 GGCDGACa V CCUU C U OJ 

2904 GAACCGCU C UUCCUCUU 

2905 GGCOGACU U CCUU C UCU 

2906 GOUGADGU A UUUADUAA 

2907 COGCDCOa C COCODGCG 

2908 UGADGOAU 0 UADUAADU 

2909 GAACOGCa C UUCCUCUU 

2910 ACUUCCUU C U C UAUU RC 

2911 DDCCODCa C UADUACCC 

2912 ADGOADUU A UUAADUCA 

2913 OOTGOAOT C GOUCCCAG 

2914 G0ADUUAU U AAUOCAGA 

2915 m UA0UUAD0 A AOUCAGAG 

2916 CDCOUCCU C UUGCGAAG 

2917 cauccuax 0 GCGAAGAC 

2918 AUUUCUUU C ACGAG0CA 

2919 UUUUGUGU C AGCCACOG 
2931 GADGGOGU C. CCGC0GCC 
2933 DGGAGDCa C CCAGCACC 
2941 CAGUACDU C CCCCAGGC 

2951 ACCADGCO U CCDCUGAC 

2952 CCGGACUa U CGADCDOC 

2955 OGCUOCCa C DGACADGG 

2956 CDOUCCUa U GAADCAAU 

2961 UUUUGUGU C AGCCACOG 

2962 DGOGOAUa C GUUCCCAG 

2965 COODGAAU C AAUAAAGU 

2966 DGGAAGOJ C DOCAAGOJ 
2969 GAADCAAU A AAGOUUOA 
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2975 OGGAAGCXJ C TOCAAGCU 

2976 UAHWDGOT C CDCACCOG 

2977 GAAGCOCa U CAAGCOGX 
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Table 10: Rat ICAM HH Bibozyme Sequences 



nt . Rat HH Ribaxyma SeqMence 
Position 

11 UCAGUGUG CUGAJCXSAGGOSGAAAGGCCGAA ADCGGACC 

23 UAGAGAAG CUGADGAGGCCGAAAGGCCGAA AAGUCAGC 

26 AAGAGGAA OX2ADGAGGCCGAAAGGCCGAA AGCAGOUC 

31 AGGACCAG OXSADGAGGCCGAAAGGCCGAA AGCAGAGG 

34 GUADADCU CUGADGAGGCCGAAAGGCCGAA AGCUDCAG 

40 GGGGCUUG COSAIXSAGGCCGAAAGGCCXaA ACCGDGAG 

48 CCCAGGCC OTGA02AGGCCGAAAGGCCGAA AGGUUCOC 

54 GGCUCAGG OTGADGAGGCCGAAAGGCCGAA AGGCGGGG 

58 GGGAGCUA OTGADGAGGCCGAAAGGCCGAA AGGCACGG 

64 ACGGGUUG CtX3AD5AGGCCGAAAGGCCGAA AGCCADUG 

96 AGGACCAG OTGADGAGGCCGAAAGGCCGAA AGCAGAGG 

102 GCGACCAG CUGAUGAGGCCGAAAGGCCGAA ACCAGGAG 

108 AGUUCCCC CXX3ADGAGGCCGAAAGGCCGAA AGCAGUCC 

115 TJGGGAACA CTX3ADGAGGCCGAAAGGCCGAA AGGUAGGA 

119 GAGODGGG OTGADGAGGCOSAAAGGCCGAA ACAGOGUC 

120 GGCCCGGG CUGADGAGGCCGAAAGGCCGAA ADCACAAC 
146 GGAGODCC CUGADGAGGCCGAAAGGCCGAA AGGUCUGG 
152 UDGAGGUG CUGADGAGGCCGAAAGGCCGAA AGCCGGGU 
158 UGACUCGU CUGADGAGGCCGAAAGGCCGAA AAAGAAA0 
165 GGGGGAAG CCK3AD3AGGCCGAAAGGCCGAA ACUGUOCA 
163 CGAGGCAG OTGAIX2AGGCCGAAAGGCCGAA AAGGCUUC 
185 CCUGCACG CUGADGAGGCCGAAAGGCCGAA ADCCACCC 
209 . GGOCAGAU CUGADGAGGCCGAAAGGCCGAA AGGGGCUG 
227 UUCACAGU CUGADGAGGCCGAAAGGCCGAA ACOUGGUC 
230 CCOCCCAC CUGADGAGGCCGAAAGGCCGAA ACAGCDUG 
237 GGGGUGUC CUGADGAGGCCGAAAGGCCGAA AGCUUCAG 
248 UCCDAAGG CUGADGAGGCCGAAAGGCCGAA AGGGGGCC 
253 CCUCCACO CUGADGAGGCCGAAAGGCCGAA AGGCAGUG 
263 GCADGAGA C03ADGAGGCCGAAAGGCCGAA ADUGGCUC 
267 CGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCOUC 
293 UCAGCUUG CUGADGAGGCCGAAAGGCCGAA AGAGCUUC 
319 OCGUOUGO CUGADGAGGCCGAAAGGCCGAA ADCCUCCG 
335 AGOUCUCA CUGADGAGGCCGAAAGGCCGAA AGCACAGU 

337 GAGGACCA CUGADGAGGCCGAAAGGCCGAA ADAGCACA 

338 CUCAGCUU CUGADGAGGCCGAAAGGCCGAA AAGAGCUU 
359 AAGCCGAG CUGADGAGGCCGAAAGGCCGAA ACUGOGOG 
367 ACGGGUOG CUGADGAGGCCGAAAGGCCGAA AGCCADUG 

374 AGGUGGGU CUGADGAGGCCGAAAGGCCGAA AGGGGQAA 

375 GAGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUCU 
378 UACCCUGU CUGADGAGGCCGAAAGGCCGAA AGGUGGGU 
386 AGCUCCAA CUGADGAGGCCGAAAGGCCGAA ACACAGCG 
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394 CCGUOCAG COGAIX&GGCCGAAAGGCCGAA AGCACCAC 

420 UQQGCOGG CDGMX^GGCCGAAAGGCCGAA ASGGGCGC 

425 GGOGGCAG OX3AIX3AGGCXX3AAAGGCCGAA AGCCGAGG 

427 UGGUUUUU CDGMXS^GCCGAAAGGCCGAA AACAGGGA 

450 CGCAGGAU OTSADGAGGCCG^UUU^GCCGAA AGGUUCDU 

451 GCCDGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 
456 OGGOGGCA CXE&DGAGGCXGAAAGGCCGAA AAGCCGAG 
495 OACACAGO OX3AJDGAGGCCGAAAGGCCGAA ADGGUGGC 
510 OUCGCACG CTCADGAGGCCGAAAGGCCGAA AGCAGCAC 
564 GGGGUGGG COGAQ3AGGCCGAAAGGCCGAA ACADUUUC 
592 Q OOC O SS a OJGADGAGGCCGAAAGGCCGAA ADACOCCC 

607 GCADGAGA QXMX3AGGCCGAAAGC3CCGAA ATOGGCUC 

608 AGCADGAG CDGAIX^GGCCGAAAGGCCGAA AAUDGGC0 

609 AAGCADGA CXXSADGAGGCCGAAAGGCCGAA AAADCGGC 
611 UGAAGCAU CDGAIX5AGGCCGAAAGGCCGAA AGAAADUG 

656 CADOCOGG CD3ATOAOGCQGAAAGGCCGAA. ACAGOGAC 

657 ACADOCOT CU3AD3AGGCCGAAAGGCCGAA AACAGDGA 
668 AAGAGGAA CD3AIX3AGGCCGAAAGGCCGAA AGCAGODC 
677 OGCGCOGG COGATOAGGCXGAAAGGCCGAA AGGGGOGC 
684 AAAGOCCG CTJIAIXSAGGCCGAAAGGCCGAA AGCOGCCU 

692 GGAGOUCC aXSADGAGGCCGAAAGGCTGAA &SG 0 C Q QG 

693 GGAAGADC COGADGAGGCCGAAAGGCCGAA AAAGOCCG 
696 AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 
709 GOGAGGGG OX2ADGAGGCCGAAAGGCOGAA AAADGCDG 
720 GAGCOGAA CCGADGAGGCCGAAAGGCCGAA AGUOGUAG 
723 UGGGAGOJ COGADGAGGCCGAAAGGCCGAA AAAAGDUG 
735 GCGACCAG COGAIX3AGGCCGAAAGGCCGAA ACCAGGAG 
738 DCCACCCC OT3AOSAGGCCG3UVAGGCCGAA AGGCAGGA 
765 AGOOCOCA COGAIX3AGGCCGAAAGGCCGAA AGCACAGO 

769 UOCCAGGG CCK3ATOAGGCCGAAAGGCCGAA ACACAAGA 

770 COOCCAGG C0GAIX3AGGCCGAAAGGCCGAA AACACAAG 

785 AGGCAGGA COGADGAGGCCGAAAGGCCGAA ACAGGCCU 

786 GAGGCAGG COGADGAGGCCGAAAGGCCGAA AACAGGCC 
792 GCGACCAG CX3GAER3AGGCCGAAAGGCCGAA ACCAGGAG 
794 GAGCOUCA CIJGADGAGGCCGAAAGGCCGAA AGGCAGGA 
807 TJCCAGGOA OT2ADGAGGCCGAAAGGCCGAA ADCDGAGC 
833 UAGOCOCC COGADGAGGCCGAAAGGCCGAA ACCCCAGG 
846 CAAUAAAU C0GAD3AGGCXX3AAAGGCCGAA. ACOGOCAG 
851 AGCDGCUA C03AO3AGGCCGAAAQGCCGAA AGGOGAGC 
863 AOGGGODG COGADGAGGCCGAAAGGCCGAA AGCCAUUG 

866 OGOCAGAG COGADGAGGCCGAAAGGCCGAA AAGCADGG 

867 OAGGOGGG CXFGADG2U3GCCGAAAGGCOGAA AGGDGGOC 
869 CUUCGCAA CIX3AD3&GGCCGAAAGGCCGAA AGGAAGAG 
881 CACGGGDU C03ADGAGGCCGAAAGGCCGAA AAGCCADO 
885 UOCACAGO QX3ADGAGGCCGAAAGGCCGAA AC0UGG0C 
933 COGGGAAC CCX3ADGAGGCCGAAAGGCCGAA AADAOVCA 

" 936 OGACACAA CUGAD3AGGCCGAAAGGCCGAA ADC0C0GC 

978 AAGOOGUA COGADGAGGCCGAAAGGCCGAA ADOCOCAA 

980 AAAAGDUG COGADGAGGCCGAAAGGCCGAA AGAD0COC 
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986 GAGCDGAA COGADGAGGCCGAAAGGCCGAA AOJUGUAG 

987 GGAGCDGA COGADGAGGCCGAAAGGCCGAA AAGUOG0A 

988 GGGAGCDG CTOAIX2AGGCCGAAAGGCCGAA AAAG00G0 

1005 GACGCCAC OTCAIXSAGGCCGAAAGGCCGAA ADCACGAA 

1006 CCOGGOGA OTGADGAGGCCGAAAGGCCGAA ACOCCCAC 
1023 CCOOCOGA OTGADGAGGCCGAAAGGCCGAA ACCOCCSG 
1025 CCCOJOC0 CTOADGAGGCCGAAAGGCCGAA AGACC0CC 
1066 UCGGGAAC COGATXSAGGCOSAAAGGCaSAA AAGGGAGG 

1092 UCTOCOGA COGADGAGGCCGAAAGGCCGAA Acccccca 

1093 AGGGGCUG OXSAOGAGGO^SAAAGGCCGAA ADCCCCCT 
1125 ADCAACAA COGADGAGGCCGAAAGGCCGAA AGUUGGGG 

1163 AGCAAAAG CTGAIX3AGGCCGAAAGGCCGAA AGCG0CGU 

1164 GAGCAAAA CtXSADSAGGCOGAAAGGCCGAA AAGCG0CG 
1166 CAGAGCAA COGADGAGGCOGAAAGGCCGAA AGAAGCGQ 
1172 AGGCCGCA COGADGAGGCCGAAAGGCCGAA AGCAAAAG 

1200 UDCAGOGa C0GAIX3AGGCCGAAAGGCCGAA AADUGGAO 

1201 CCOGDGGA C0GADGAGGCO2AAAGGCCGAA AAGCCCAA 
1203 GAOCUGCG C0GA3GGAGGCCGAAAGGCCXSAA. AGAAGOOC 

1227 AGCACADG COGADGAGGCCGAAAGGCCGAA AG00CCAA 

1228 AOGAOCAC COGADGAGGCOGAAAGGCCGAA AAGCCCGC 
1233 GCGACCAG COGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1238 GAGGACCA COGADGAGGCOGAAAGGCCGAA AOAGCACA 
1264 ACCCG0ACT COGADGAGGCCGAAAGGCCGAA ADCOOOCC 
1267 CAUUCUUG COGADGAGGCCGAAAGGCCGAA ACAGOGAC 

1294 CCGACACA COGADGAGGCOGAAAGGCCGAA AADCCCOG 

1295 OCDGCOGA COGADGAGGCOGAAAGGCCGAA ACCCCOCCT 
1306 GCADGOAA COGADGAGGCCGAAAGGCCGAA AGCCOGCO 
1321 UOGCCCCA COGADGAGGCOGAAAGGCCGAA AC0C0GOD 
1334 GCDCOGGG a*3ADGAGGCCGAAAGGOOGAA AOGAADAC 
1344 GGADACCD CDGADGAGGCXGAAAGGCCGAA AGCACCGA 
1351 AGOCCOOT COGADGAGGCCGAAAGGCCGAA AGGCCOGA 
1353 CCADCGUU COGADGAGGCOGAAAGGCCGAA AGCOGCOA 

1366 CCOGGGGG COGADGAGGCCGAAAGGCOGAA AGOACCCO 

1367 GCCOGGGG COGADGAGGCCGAAAGGCOGAA AAGOACCC 
1363 GGCAGCGG COGADGAGCXTGAAAGGCCGAA ACACCADC 
1380 ACCADCCC OX3ADGAGGCCGAAAGGCCGAA ADAGGCAG 
1388 CADCCAGQ COGADGAGGCOGAAAGGCCGAA AGOCOCC A 
1398 OGUCCUGU COGADGAGGCCGAAAGGCOGAA ACAGCCAG 
1402 CAGOOCOC COGADGAGGCOGAAAGGCCGAA AAGCACAG 
1408 GACGCCAC COGADGAGGCOGAAAGGCCGAA. ADCACGAA 
1410 GOCCACOC COGADGAGGCCGAAAGGCCGAA ADAG0OCG 
1421 GCCOGGGG COGADGAGGCOGAAAGGOOGAA AAGOACCC 
1425 AGCCAGAG COGADGAGGCCGAAAGGCCGAA AGGOGGGO 
1429 CCOGAGGC COGADGAGGCOGAAAGGCCGAA ACAAGOAD 

. 1444 COCCOCOJ COGADGAGGCCGAAAGGCCGAA AGCCOOCO 

1455 UCCCOGGU COGADGAGGCCGAAAGGCCGAA ADACOCCC 

1482 CCOGGGGG COGADGAGGCCGAAAGGCCGAA AGOACCCO 

1484 GCAAGAGG COGADGAGGCCGAAAGGCCGAA AGAGCAGO 

1493 OAGOCOCC 03GADGAGGCO^JUUK3CX3GAA ACCCCAGG 
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1500 UUGAbCAU OT2ADGAGGCCGAAAGGCCGAA ADODCACG 

1503 GOGGOOGG CDGAIX3AGGCXGAAAGGCCGAA ACADOUOC 

1506 CCAACAAD aJGAOSAGGpZGAAAGGCOSAA ADGACCCA 

1509 UACACAGU C0GAU3AGGCCGAAAGGCCGAA ADGGOGGC 

1518 ACAACGGC OX2ADGAGGCXX2AAAGGCCGAA ACCAGGAC 

1530 ACAADDAD aSGADGAGGCCGAAAGGCCGAA ACCCAGGU 

1533 AAGCCCGC aX3ACT3AGGCCGAAAGGCOGAA ADGADCAG 

1551 UACGAGCA CTOADGAGGCXGAAAGGCCGAA AGGGCCAC 

1559 UAAACAGG OX2ADGAGGCCGAAAGGCCGAA ACOOCCCA 

1563 DGGGAACA aXSAOSAGGCCGAAAGGCCGAA AGGOAGGA 

1565 GGCGGOAA OTGAIX5AGGCCGAAAGGCCGAA AGGDGUAA 

1567 CUGGCGGD CDGADGAGGCCGAAAGGCCGAA ADAGGDGU 

1584 UADADCCD CDGADGAGGCCGAAAGGCCGAA ADCOOCCO 

1592 GUAAC0DG COGATOAGGCOGAAAGGCOGAA ADADCCDG 

1599 GCCODCOG C0GAIX3AGGCCGAAAGGCCGAA AACOOGUA 

1651 GGCOCAGG CDGADGAGGCCGAAAGGCCGAA AGGCGGGG 

1661 ACCAGGGC COGAIX3AGGCCGAAAGGCCGAA AAGDGCAG 

1663 UGDCCADD CXX3A333AGGCCGAAAGGCCGAA A DC D GU U C 

1678 CCCAGGCC COGAOTAGGCXX3AAAGGCGGAA AGG00C0C 

1680 GAOC0G0G CDG3U3GAGGCCGAAAGGCCGAA AGAAGCCC 

1681 GAGGCAGG CTOATX3AGGCCGAAAGGCCGAA AACAGGCC 
1684 GAGAGGDC CDGADGAGGCCGAAAGGCCGAA AOGAGCAG 

1690 AAEGOADG ODGADGfcGGCCGAAAGGCOGAA AGGOGGGG 

1691 GAAGADCG CXX2ADGAGGCCGAAAGGCCGAA AAGOCCGG 
1696 GCGAGCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1698 DCOCCAGG CDGADGAGGCCGAAAGGCCGAA ADADCDGA 
1737 GCACCGOG CTXSADGAGGCCGAAAGGCCGAA ADGDGAUC 
1750 AAHAGGDG 03GATX3AGGCCGAAAGGCCGAA AAADGGAC 
1756 AGGACCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAGG 
1787 CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGDOCDC 
1790 GAG00GG3 CU3ADGAGGCCGAAAGGCCGAA ACAGOGDC 
1793 GOCCAGGQ CDGAIX5AGGCCGAAAGGCCGAA AGGACCA3J 
1797 DGGODODD CDGADGAGGCCGAAAGGCCGAA AACAGGGA 
1802 DCCAGGDA CDGADGAGGCCGAAAGGCCGAA ADCDGAGC 

1812 DUOCCCCA CDGADGAGGCCGAAAGGCCGAA ACOCOGDU 

1813 ACGADCAC CDGADGAGGCCGAAAGGCCGAA AAGCCCGC 
1825 UACACAGD CDGADGAGGCCGAAAGGCCGAA ADGGOGGC 
1837 UACCCOGD CDGADGAGGCCGAAAGGCCGAA ASGOGGOT 
1845 GCCCC0CC COGADGAGGOCGAAAGGGOGAA AGOCCOCU 
1856 GCAGGOCA CDGADGAGGCCGAAAGGCCGAA ADDAGGGG 
1861 GGACCADA OT3ADGAGGCCGAAAGGCCGAA AGCACADG 
1865 COOGOGOC CDGADGAGGCCGAAAGGCCGAA ACCGGADA 
1868 ADDOADAD CDGADGAGGCCGAAAGGCCGAA ACOCGDGA 
1877 CCDGGGGG CDGADGAGGCCGAAAGGCCGAA AGOACOGO 
1901 DGDACCOD CDGADGAGGCCGAAAGGCCGAA AGUUUUAG 
1912 DGDCCADD CDGADGAGGCCGAAAGGCCGAA ADCOGDDC 

1922 0AGGCAAU CDGADGAGGCCGAAAGGCCGAA ACODACAU 

1923 CDAAAGGU OJGAD3AGGOCGAAAGGCCGAA AGCGOCCA 
1928 DCCAGGOA CDGADGAGGCCGAAAGGCCGAA ADCDGAGC 
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1930 CADCCAOT CUGADGAGGCCGAAAGGCCGAA AGOCOCCA 

1964 GCOGACAC COGATOAGGCCGAAAGGOCGAA AAADCOCU 

1983 CCCAGGCC CUGADGAGGCCGAAAGGCCGAA AGGUUCOC 

1996 AGCUUGAA CXX3ADGAGGCCGAAAGGCCGAA AGCOOCCA 

2005 UAGGCAAU CUGAIXSAGGCCGAAAGGCCGAA ACOQACAD 

2013 CADCCCGA CUGADGAGGCCGAAAGGCCGAA AGGCAGCG 

2015 ACCADCCC OTSADGAGGCCGAAAGGCCGAA ADAGGCAG 
2020 . GOACAGGG OX2AIX5AGGCOGAAAGGCCGAA ACDCAADA 

2039 UCGUUOGD CTOADGAGGCOGAAAGGCCGAA ADCCUCCG 

2040 ACCDCCAG CUGAEX2AGGCQQAAAGGCCGAA AGGOCAGG 
2057 AGCCADOG OTS^GAGGCTGAAAGGCCGAA AGGACCAG 
2061 UAGGUGOA CUGADGAGGCCGAAAGGCCGAA ADGGACGC 
2071 CCUGAGGC OTGATCAGGCCGAAAGGCCGAA AC&AGUAD 
2076 UUAGGCCU CDSADSAGGCCGAAAGGGOGAA AGGCOACA 

2097 ACADCAAC OX3ADGAGGCCGAAAGGCCGAA AGAGOOGG 

2098 ACCDCCAG COGADGAGGCCGAAAGGCOsIa AGGUCAGG 
2115 CAGGACCC OXSADGAGGCOGWU^r^ 

2128 GADCADGG CXJSADGAGGCCGAAAGGCCGAA ACAGCAOJ 

2130 AGAGGCAG CXX3ADGAGGCCGAAAGGCCGAA AAACAGGC 

2145 ACADCAAC aX3ADGAGG0O3AAAGGCCGAA AGAGOOGG 

2152 AAGUUGUA COGADGAGGCCGAAAGGCCGAA ADOCOCAA 
2156 UCAAUAAA COGADGAGGCCGAAAGGCCGAA AACDGDCA 

2158 AAUDAADA CUGADGAGGOOGAAAGGCCGAA A0ACADCA 

2159 GAADUAAD CUGADGAGGCCGAAAGGCCGAA AADACADC 

2160 UGAADOAA COGADGAGGCCGAAAGGCCGAA AAADACAU 
2162 AACAAAGG CSX3ADGAGGCCGAAAGGCCGAA AGGAADGU 

2153 CUCCGAAD COGADGAGGCOGAAAGGCOGAA AADAAADA 

2166 AADUAAUA COGADGAGGCCGAAAGGCCGAA ADACADCA 

2167 GAADUAAD COGADGAGGCCGAAAGGCCGAA AADACADC 

2170 UCUGAAUU CUGADGAGGCCGAAAGGCCGAA ADAAADAC 

2171 tZACDCAAU COGADGAGGCCGAAAGGCCGAA AADAAC0G 

2173 GAGGACCA COGADGAGGCCGAAAGGCCGAA ADAGCACA 

2174 AGCAGGGG COGADGAGGCCGAAAGGCCGAA AAEAGAGA 

2175 UGACOCGU COGADGAGGCCGAAAGGCCGAA AAAGAAAD 

2176 GOGGUOGG COGADGAGGCCGAAAGGCCGAA AC AUUUUC 
2183 UCAAOAAA OTGADGAGGCCGAAAGGCCGAA AACOGOCA 

2185 ACOCAADA COGADGAGGCCGAAAGGCCGAA AEAACOGO 

2186 UACOCAAD COGADGAGGCCGAAAGGCCGAA AADAACOG 

2187 GOACOCAA COGADGAGGCCGAAAGGCCGAA AAADAACO 
2189 GGGOACOC COGADGAGGCOSAAAGGCOGAA ADAAAHAA 
2196 CAADAAAD QX3AIX3AGGCOGAAAGGCOGAA ACOGOCAG 

2198 OTACCDCG COGADGAGGCCGAAAGGCCGAA AGACADUC 

2199 COGGCADG COGADGAGGCCGAAAGGCCGAA AAGAGOCO 

2200 GCCOGGGG CUGAIXZAGGCCGAAAGGCCGAA AAGOACCC 

2201 GACCOGOG COGADGAGGCCGAAAGGCCGAA AGAAGCCC 
2205 CAGOGGCO COGADGAGGCCGAAAGGCCGAA ACACAAAA 
2210 CADCCAGO COGADGAGGCCGAAAGGCCGAA AGOCOCCA 
2220 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGG0OC0C 
2224 AAGGOAGG CUGADGAGGCCGAAAGGCCGAA ADGOADGO 
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2226 DGDGGCCD 03GADGAGGCXX2AAAGGCCGAA AGGDCCAG 

2233 AGUOCOGD OJGADGAGGCCGAAAGGCCGAA AAGCADGA 

2242 ACDACDGA CDGATOAGGCCGAAAGGCXGAA AGCOGOGD 

2248 GCGACCAG CIXSADGAGGCCEAAAGGCCGAA AOCAGGAG 

2254 UUCAGDGU CDGADGAGGCCGAAAGGCCGAA AADCGGA0 

2259 GCACCGDG CDGADGAGGCCGAAAGGCCGAA ADGDGADC 

2260 AGCACCGD OJGAOGAGGCCGAAAGGCCGAA AADGDGA0 
2266 AACODGDA CDGADGAGGCCGAAAGGCCGAA ADCCDGAD 
2274 DACAOTDD CDGADGAGGCCGAAAGGCCGAA ACCTJGCUC 
2279 ACCCGDAD OTGADGAGGCCGAAAjSGCCGAA ADCDDOCC 
2282 ACOCAAUA CDGADGAGGCCGAAAGGCCGAA ADAACDGU 
2288 CADDGGAG CDGADGAGGCCGAAAGGCCGAA ZCCZGOGC 
2291 GDAACDOG OTGADGAGGCOSAAAGGCCGAA ADADCCDG 
2321 AGCCGDACT CXX2AIX3AGGCCGAAAGGCCGAA ACCDODCC 

2338 CCOGOGGA CDGADGAGGCCGAAAGGCCGAA AAGCCCAA 

2339 GOCDGGGG CDSADGAGGCCX3AAAGGCCGAA AAGDACCC 
2341 UGAGCACC CDGADGAGGCCGAAAGGCCGAA ACAGGCCC 
2344 GAGAGGDC CDGADGAGGCCGAAAGGCCGAA ACGAGCAG 

2358 DGDGGGAG OJGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2359 UDCDGDGG CDGADGAGGCCC3UUVGGCCGAA ADGGADGG 

2360 CDDCCAGG CDGADGAGGCCGAAAGGCCGAA AACACAAG 

2376 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGODC 

2377 DAADAGAG CDGADGAGGCCGAAAGGCCGAA AGGAAGDC 

2378 DCGOGAAA CDGADGAGGCCGAAAGGCCGAA AAADCAGC 

2379 CGCAAGAG CDGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2380 ACDCGDGA CDGADGAGGCCGAAAGGCCGAA AGAAADCA 
2382 DGACOCGD CDGADGAGGCCGAAAGGCCGAA AAAGAAA0 
2384 COOGOGOC CDGADGAGGCCGAAAGGCCGAA ACCGGADA 
2399 CGDCCACA CDGADGAGGCCGAAAGGCCGAA AGUADDQA 
2401 GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 
2411 DGAAGCAD CDGADGAGGCCGAAAGGCCGAA AGAAADDG 

2417 AACDOGUA CDGADGAGGCCGAAAGGCCGAA ACCCOGAD 

2418 AGUDCOGD CDGADGAGGCCGAAAGGCCGAA AAGCADGA 

2425 GAACDCDG CDGADGAGGCCGAAAGGCCGAA ADDAADAA 

2426 DAGDCDCC CDGADGAGGCCGAAAGGCCGAA ACCCCAGG 

2433 AACDGDCA CDGADGAGGCCGAAAGGCCGAA AACDCDGA 

2434 DCGUUUGD CDGADGAGGCCGAAAGGCCGAA ADCCOCCG 

2448 GGGGGAAG CDGADGAGGCCGAAAGGCCGAA ACGGDDCA 

2449 CGAGGCAG CtJGADGAGGCCGAAAGGCCGAA AAGGCDDC 

2451 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGCC 

2452 AGAGGCAG OJGADGAGGCaSUUUGGCCGAA AAACAGGC 
2455 AACAAAGG CDGADGAGGCCGAAAGGCCGAA AGGAADGU 

2459 DGDGGGAG CX3GAIJGAGGCCGAAAGGCCGAA AGGCAGGG 

2460 DDGGGAAC CDGADGAGGCCGAAAGGCCGAA AAGGDAGG 

2479 GGCGGDAA OX3ADGAGGCCGAAAGGCCGAA AGGCG0AA 

2480 GGGADCAC CDGADGAGGCCGAAAGGCCGAA ACGGCGAC 

2483 ACADOGGG CDGADGAGGCCGAAAGGCCGAA ACAAAGGD 

2484 GACADDGG CDGADGAGGCCGAAAGGCCGAA AACAAAGG 
2492 UAGGCGGG CDGADGAGGCCGAAAGGCCGAA AGGDGGDC 
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2504 OAGGAADG COGADGAGGCCGAAAGGCCGAA ADGCJAGGD 

2508 AAGGOAGG CCC&D3AGGCCGAAAGGCCE1AA ADGOADGO 

2509 AAAGGUAG COGADGAGGOXAAAGGCCGAA AADGOADG 

2510 AAOAGGOG COGADGAGGCCGAAAGGCCGAA AAAD3GAC 

2520 ACADUGGG OX5AD3AGGCCGAAAGGCCGAA ACAAAGGU 

2521 GACADOGG aJGADGAGGCCGAAAGGCCGAA AACAAAGG 
2533 DGACGGGU CrcATOAGGCCGAAAGGCCGAA AADGCOGU 
2540 GGADACCU CTX2AD3AGGCCGAAAGGCCGAA AGCACCGA 
2545 AAAGOCCG COGADGAGGCCGAAAGGCCGAA AGCOGCCO 
2568 COGACACA ODGADGAGGCXSAAAGGCCSAA AADCOCOG 
2S79 CCAGGGCA COGADGAGGCCGAAAGGCCGAA AGDGCAGG 
2585 GAGAGGOC aX3A0GAGGO33AAAGGCCGAA ACGAGCAG 
2588 GGCOGOGG CCXIADSAGGCCGAAAGGCCGAA AGGAGGCA 
2591 CUUCGCAA QXSADGAGGCOSAAAGGOCGAA AGGAAGAG 
2593 AGCA0GGG COSADGAGGCCGAAAflSCOGAA AADAGAGA 
2596 GCGACCAG Q3GADGAGGCCGAA&3GCXX3AA ACCAGGAG 

2601 GAGGACCA COSADSAGGCXXaAAAGGCCGAA AOAGCACA 

2602 ACAACGGC COGADGAGGCCGAAAGGCCGAA ACCAGGAC 

2607 CCOGGOGA CXX3ADGAGGCCGAAAGGCCGAA ACOCCCAC 

2608 UCCCACGG OX3ADGAGGCXEAAAGGCCGAA AGCOAAAG 

2609 CADCCAGU CDGAD3AGGCCGAAAGGCCGAA AGOCOCCA 
2620 AACOGOCA QX3AD3AGGCCGAAAGGCOGAA AACOCOGA 
2626 AGCAGCAC CDGADGAGGCCGAAAGGCCGAA ACDGAGAG 
2628 GGAGCDGA COGADGAGGCCGAAAGGCCGAA AAGUOGDA 
2635 GOGAADOG COGADGAGGCCGAAAGGCCGAA ADCOGOGA 

2640 OGGADGGA COGADGAGGCCGAAAGGCCGAA ACCOGAGC 

2641 AADGOADG OXSADGAGGCXGAAAGGCCGAA AGGOGGGG 

2642 AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 
2653 AGCACCCO CTX2UXAGGCCGAAAGGC0GAA AOCOGOGG 
2659 GCOOGCAG C0GAD3AGGCCGAAAGGCOGAA ACCCOUCO 
2689 AGCOQCAG C0GADGAGGO3GAAAGGCCGAA ACCCHAGD 
2691 AGDCCDOJ OJ UAUUA GGCCGAAAGGCCGAA AGGCCOGA 
2700 CCOGGGGG COGADGAGGCCGAAAGGCCGAA AGDACCCO 
2704 UAGG03GG COGADGAGGCCGAAAGGCCGAA ASS O GG D C 

2711 ACCDOCCO COGADGAGGCCGAAAGGCCGAA AGGOAGGG 

2712 CACCDDCC COGADGAGGCCGAAAGGCCGAA AAGGOAGG 
2721 ACCCGOAtr COGADGAGGCCGAAAGGCCGAA ADCOUOCC 
2724 CAAACCCG COGADGAGGCCGAAAGGCCGAA ADGADCOU 
2744 CCOGCACG C0GADGAGGCCQUUU3GCCGAA ADCCACCC 
2750 GGUOOOOA COGADGAGGCCGAAAGGCCGAA ACAGGGAC 
2759 CCACOCGA COGADGAGGCCGAAAGGCCGAA AGOOCGOC 
2761 GGAAGADC COGADGAGGCCGAAAGGCCGAA AAAGOCCG 
2765 AGGCCGCA COGADGAGGCCGAAAGGCCGAA. AGCAAAAG 
2769 GCAGGGGO COGADGAGGCCGAAAGGCCGAA ADAGAGAA 
2797 OUGACCAD COGADGAGGCCGAAAGGCCGAA ADDOCACG 

2803 GODCOGOG COGADGAGGCCGAAAGGCCGAA AGCAOGAG 

2804 AGUUCUGU COGADGAGGCCGAAAGGCCGAA AAGCADGA 
2813 AGGGOCAG COGADGAGGCCGAAAGGCCGAA ADGGGAGC 
2815 GGAAGADC COGADGAGGCCGAAAGGCCGAA AAAGOCCG 
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2821 ACCUCCAG CTCADGAGGCCGAAAGGCCGAA AGGCCAGG 

2822 GGAGCDGA CDGACK3AGGCCGAAA3GCCGAA AAGUUG UA 

2823 OGGGAGCtf COGADGAGGOOGAAAGGCGGAA AAAAGODG 
2829 GGADACCO OX»DGAGGOCGAAAGGCC3AA AGCACCGA 
2837 GGGGGAAG CDGADGAGGCCGAAAGGCCGAA ACCOJG5G 
2840 CGCGCOGG aSGADGAGGCXXSAAAGGCCGAA AGGGGQGC 
2847 AGGCGGOT OT3AD3AGGCCGAAAJ3GCCGAA AGGGGQAA 
2853 CDAGOCGG (ZX^ADGAGGCCGAAAGGCCGAA AGADCGAA 
2860 DOCCAGGG CDGADGAGGCCGAAAGGCCGAA ACACAAGA 
2872 UGAGCACC CXiGADGAGGCXXlAAAGGCCGAA ACAGGCCC 
2877 GGOGCCGG CDGADGAGGCCGAAAGGCCGAA AGACDCCA 

2899 AAAGOCCG COGAD3AGGOCGAAAGQCCGAA AGCDGCCU 

2900 AGAGAAGG CIJGADGAGGCCGAAAGGCCGAA AGOCAGCC 

2904 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGODC 

2905 AGAGAAGG CDGADGAGGCCGAAAGGCCGAA AGOCAGCC 

2906 UUAADAAA CD3ADGAGGCX33AAAGQCOGAA ACADCAAC 

2907 CGCAAGAG COGAIXiAGGCCGAAAGGCCGAA AAGAGCAG 

2908 AADUAAHA CDGADGAGGCCGAAAGGCCGAA ADACADCA 

2909 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGODC 

2910 GUAAUAGA CDGADGAGGCCGAAAGGCCGAA AAGGAAGD 

2911 GGGDAADA CDGADGAGGCCGAAAGGCCGAA AGAAGGAA 

2912 UGAADUAA CDGADGAGGCCGAAAGGCCGAA AAADACAD 

2913 COGGGAAC CDGADGAGGCCGAAAGGCCGAA AADACACA 

2914 OCOGAADO CDGADGAGGCCGAAAGGCCGAA ADAAAEAC 

2915 CUCDGAAU CDGADGAGGCCGAAAGGCCGAA. AAEAAADA 

2916 CUUCGCAA CDGADGAGGCCGAAAGGCCGAA AGGAAGAG 

2917 GCCOOCGC CDGADGAGGCCGAAAGGCCGAA AGAGGAAG 
2913 UGACOCGU CDGADGAGGCCGAAAGGCCGAA AAAGAAAU 
2919 CAGD3GOT aXSaDSAGGCCGAAAGGCEGAA ACACAAAA 
2931 GGCAGCGG CI3GADGAGGCCGAAAGGCCGAA ACACCADC 
2933 GGDGCCGG CDGADGAGGCCGAAAGGCCGAA AGACDCCA 
2941 GCC0GGGG CDGADGAGGCCGAAAGGCCGAA AAGUACDG 

2951 GDCAGAGG CDGADGAGGCCGAAAGGCCGAA AGCADGGO 

2952 GAAGADCG CDGADGAGGCCGAAAGGCCGAA AAGDCCGG 

2955 CCADG0CA CDGADGAGGCCGAAAGGCCGAA AGGAAGCA 

2956 ADDGADUC COGAD3AGGCOGAAAGGCGGAA AAGGAAAG. 

2961 CAGDGGOT CDGADGAGGCCGAAAGGCCGAA ACACAAAA 

2962 COGGGAAC CDGADGAGGCCGAAAGGCCGAA AADACACA 

2965 ACDDDADU CDGADGAGGCCGAAAGGCCGAA AD0CAAAG 

2966 AGCUDGAA CDGADGAGGCCGAAAGGCCGAA AGCDOCCA 
2969 DAAAAOKJ CDGADGAGGCCGAAAGGCCGAA ADOGADDC 

2975 AGCDOGAA CDGADGAGGCCGAAAGGCCGAA AGCDOCCA 

2976 CAGGDGAG CDGADGAGGCCGAAAGGCCGAA ACCADADA 

2977 DCAGCDOG CDGADGAGGCCGAAAGGCCGAA AGAGCODC 
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Table 11: Human IL-5 HH Target Sequence 



at. 


EH Target Sequence 


at . 


EH Taxget 


Sequenc 


Position 














8 


ADGCAOJ 


u ucuuuuc 


245 


AAGAAAU 


C 


UUUCAGG 


s 


03CAOKJ 


a cuuugcc 


247 


GAAADCtT 


u 


UCAGGGA 


10 


GCAcaau 


C UUOGCCA 


248 


AAAUCDU 


u 


CAGGGAA 


12 


ACUUUCU 


U DGCCAAA 


249 


AADCUUU 


c 


AGGGAAU 


13 


CUUIKJUU 


0 GCCAAAG 


257 


AGGGAAU 


A 


GGCACAC 


36 


AGAAOOT 


U U2AGAGC 


273 


GGAGAGO 


c 


AAACCGU 


37 


GAACGUU 


U CAGAGCC 


291 


AGGGGGO 


A 






AACuuuu 


C AGAGCCA 


305 


AAAGAOJ 


A 






GGADGCU 


U CDGCADa 


307 


AGACUA0 


tj 




57 


gaxxxcto 


C XX3CMJOU 


308 


GACUAUU 


c 






OCUGCAtJ 


XJ UGACiUUU 


316 


AAAAACU 


XJ 




64 


COGCAOU 


U GAG00UG 


319 


AACDDGU 


c 


/ 1 II !& H Tfi 




UUUGAGU 


U UGCUAGC 


322 


ODGOCOT 


u 




70 


UUGAGUU 


U GCUAGCtf 


323 


UGUCCUU 


A 




74. 


GUUUGCU 


A GC0C0C6 


326 


CCUUAAU 


A 




7fl 
/o 


GCUAGCU 


C UOGGAGC 


154 
jj% 


AAGAAAU 


A 


CAUuGAC 


BO 


UAGCUCU 


a GGAGCDG 


338 


AAEEACAU 


u 


GACGGCC 


<?1 

I7X 


GCOGCCa 


A GGUGUAIJ 




GGAGAG0 


A 


AACCAAU 


<37 


UACGOGU 


A UGCCADC 




AACCAAU 


u 


CCUAGAC 


104 


ADGCCA0 


C CCCACAG 


389 


ACCAAD0 


c 


V-UiuirtCU 


116 


CAGAAA0 


U CCCACAA 


392 


AADOCCU 


A 




117 


AGAAADU 


C CCACAAG 


397 


COAGACa 


A 


CCTCCAA 


130 


AGUGCAU 


U GGOGAAA 


409 


CAAGAGU 


U 


ocnnGGC 

WWvWwW 


145 


GAGACCU 


U GGCACOG 


410 


AAGAGDU 


U 


CUUGGCG 


155 


CACTOCO 


U UCUACDC 


411 


AGAGDUU 


c 


UUGGUGU 


156 


AC0GCOU 


U COACDCA 


. 413 


AGUDOCa 


u 


GGUGUAA 


157 


ujgojuu 


C UACLCAU 


419 


UOGGUGU 


A 


ADGAACA 


159 


GCUUUCU 


A C0CADCG 


437 


AGOGGAU 


A 


ADAGAAA 


162 


UuCUACU 


C ADCGAAC 


440 


GGADAAU 


A 


GAAAGOU 


165 


UACOCAU 


C GAACUCU 


447 


AGAAAGU 


V 


GAGACOA 


171 


DCGAACa 


C UGCUGAU 


454 


UGAGACU 


A 


AAC0GGC7 


179 


UGCOGAU 


A GCCAADG 


462 


AACTOGCJ 


tJ 


OGUUGCA 


192 


TCAGACU 


C DGAGGA0 


463 


ACUGGUU 


XJ 


GUUGCAG 


200 


0GAGGAU 


XJ CCUGOOC 


466 


GGUUUGU 


u 


GCAGCCA 


201 


GAGGADU 


C CUGOUCC 


479 


CAAAGA0 


u 


UDGGAGG 


206 


UUCCUGU 


U CCOGOAC 


480 


AAAGADU 


u 


DGGAGGA 


207 


UCOJGUU 


C CUGUACA 


481 


AAGAUUU 


u 


GGAGGAG 


212 


UUCCUGU 


A CAUAAAA 


497 


AGGACAU 


u 


CDACUGC 


216 


UGUACATJ 


A AAAAX3CA 


498 


GGACADU 


u 


DACDGCA 


222 


UAAAAAU 


C ACCAAOJ 


499 


GACAJJUU 


0 


ACUGCAG 
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ACAUUUU A QJGCAGtJ 


684 


UACOUUU U UCUUAUU 


511 
jji 


AAAGAGU C AGQGCUU 


685 


ACUUUUU U CUUAUUU 


518 

J JO 


CAGGQCXJ U AAUUUUC 


686 


CUUUUUU C UUAUUOA 


539 


AGGCCUU A AUUUUCA 


688' 


UUUUUCU U ADUUAAC 




CCUUAAU U UUCAAUA 


689 


UUUUCUU A UUUAACU 


543 


CUUAADU 0 UCAAUAU 


691 


UUCCXJAU U UAACUUA 




unAAUUU u caadada 


692 


UCDQADG tT AAOTTIAA. 


545 


UAADOUU C AAUADAA 


693 


CUUAIJUU A ACODAAC 


544 


nonCAAU A UAADUUA 


697 


UUUAACU U AACADUC 


551 


ocAAran a adouaac 


698 


UUAACUn A ACATJUtn 


554 


ADADAAD U UAAOJUC 


703 


UQAACAD U CUGSJAAA 


555 


UADAAEHJ U AACUUGA 


704 


UAACADU C UGUAAAA 


556 


ADAADOa A ACDDCAG 


708 


AUUCUGU A AAAUGUC 


560 


DUUAAC0 U CAGAGGG 


715 


AAAADOT C UGUUAAC 


561 


UOAACUU C AGAG3GA 


719 


UGUCDOT 0 AACUUAA 


573 


GGAAAGU A AADAUUQ 


720 


GUCUGUU A ACUDAAU 


577 


AGOAAA0 A UOCCAGG 


724 


GUUAACU U AADAGUA 


579 


UAAADA0 U UCAGGCA 


725 


UOAACUU A ADAGUAU 


580 


AAADADU U CAGQCAU 


728 


ACUUAA0 A GUAUUUA 


581 


AAUAUUU C AGGCABA 


731 


UAADAGU A UUUADGA 


588 


CAGGCAU A CDGACAC 


733 


- ATTAffl 1 ATT TT rTATTTSAAA 


597 


CSACACU TJ W5CCAGA 


734 


TJAGUADU TT ADnAAATT 


59ft 


fsacaonr tr GOCAfiAA 


735 




fill 


AAAGCAIJ A AAALRJCLJ 


745 


AAATT3T7T TT A A r: A MITT 


fit fi 


ATTAAAAJJ IT COOAAAA 


746 




£17 

OJL. / 


TTAAAMnJ C OnAAAAIT 


752 




619 


AAAXJUCU U AAA ADAH 


753 


AAGAADU U GGUAAAIT 


620 


AAUUCUU A AAAUAUA 


757 




625 


UUAAAAU A UAUUUGA 


761 


GGUAAAIJ U AGTTAnnn 


627 


AAAADAU A UUVJCAGA 


762 


GQAAADU A GQAUUUA 


629 


AADAUAU U TCAGAEA 


765 


AADUAGU A UUUAUUU 


630 


AnADAOT U CAGAGAU 


767 


UUAGUAU U UAUUUAA 


631 


UADAUUU C AGAHADC 


768 


UAGOADU U AUUUAAU 


636 


UOCAGAU A tCAGAAU 


769 


AGDAjjuu A UUUAAUG 


638 


CASADAU C AGAADCA 


771 


UAUUUAX7 U UAAUGUU 


644 


UCAGAAU C AUUGAAG 


772 


AUUUAUU U AAUGUUA 


647 


GAADCAU U GAAGOAU 


773 


UUUADUU A AUGUnAn 


653 


UOGAAGU A UUUUCCU 


778 


UUAADGU U ADGUUGO 


655 




779 




656 


AAGUAUU U UCCOCCA 


783 


GUUAUGU U GUUUUOJ 


657 


AGUAUUU U CCtXXAG 


788 


GOUGUGU U CUAAUAA 


658 


OOAUUUU c cuccagg 


789 


OTSUGUU C UAAUAAA 


661 


UUUUCCU C CAGGCAA 


791 


GUGUUCU A AUAAAAC 


672 


GCAAAAU U GAUAUAC 


794 


UUCUAAU A AAACAAA 


676 


AAUUGAU A UACOUUU 


805 


CAAAAAD A GACAACU 


678 


UUGADAU A CUUUUUU 






681 


AUA33AOJ U UUUULTJU 






682 


DAUACUU 0 UUUCUUA 
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Table 12: Human IL-5 HH Eibozyme Sequences 



nt. 
Position 

8 
9 

10 

12 

13 

36 

37 

38 

56 

57 

63 

64 

69 

70 

74 

78 

80 

91 

97 
104 
116 
117 
130 
145 
155 
156 
157 
159 
162 
165 
171 
179 
192 
200 
201 
206 
207 
212 
216 
222 
245 



EH Ribozyme Sequence 



GCAAAGA CUGAIX^AGGCCGAAAGGCCGAA AGOGCA0 
GGCAAAG CUGAD3AGGCCGAAAGGCCGAA AAGGGCA 
UGGCAAA aXSACGftGGCCGAAAGGCCGAA AAAGOGC 
UUUGGCA OX2AD3AGGCCGAAAGGCCGAA AGAAAGO 
COOOGGC OX2ADGAGGCX2SAAAGGCCGAA AAGAAAG 
GCDCOGA COGADGAGGCCGAAAGGCCGAA ACGOUCTJ 
GGCOCOG COSACKSAGGCCGAAAGGCCGAA AACSUCC 
OGGCOCU OKAIX^GCCGAAAGGCCGAA AAACGUU 
AAD3CAG COGAOGAGGCXSSAAAGGCCGAA AGCADCC 
AAADGCA OTGAD3AGGCCGAAAGGGQGAA AAGCABC 
AAACOCA COGADGAGGCCGAAAGGCCGAA ADGCAGA 
CAAACOC CEGADGAGGCCGaAAGGCCGAA AADGCAG 
GCOAGCA CUGADGAGGCCGAAAGGCOGAA ACOCAAA 
AGCOAGC COGADGAGGCCGAAAGGCCGAA AACOCAA 
CAAGAGC COGADGAGGCCGAAAGGCCGAA AGCAAAC 
GCOCCAA OX2AD3AGGCCGAAAGGCCGAA AGCOAGC 
CAGCOCC CD3AD3AGGCOGAAAGGCGGAA AGAGCDA 
ADACACG OX3AD3AGGCCGAAAGGCCGAA AGGCAGC 
GADGGCA CUGAD3AGGCCGAAAGGCCGAA ACACGOA 
COGOGGG COGADGAGGCCGAAAGGCCGAA ACGGCA0 
OOGOGGG OJGADGAGGCCGAAAGGCCGAA ADOOCOG 
CO0G0GG COGATOAGGCCGAAAGGCCGAA AADOUCU 
UUUCACC COGADSAGGCCGAAAGGCOGAA AOGCACO 
CAGOGCC COGADGAGGCCGAAAGGCCGAA AGGOCDC 
GAGOAGA COGADGAGGCCGAAAGGCCGAA AGCAGOG 
DGAGUAG COGADGAGGCCGAAAGGCCGAA AAGCAGO 
AOGAGUA COGADGAGGCCGAAAGGCCGAA AAAGCAG 
CGADGAG COGADGAGGCCGAAAGGCCGAA AGAAAGC 
GOOCGAD COGADGAGGCCGAAAGGCCGAA AGUAGAA 
AGAGOOC COGADGAGGCCGAAAGGCCGAA ADGAGOA 
ADCAGCA CD3AD3AGGCOGAAAGGCOGAA AGOOOGA. 
CADD3GC C0GAD3AGGC0GAAAGGCCGAA ADCAGCA 
ADCCOCA CDSADGAGGGGGAAAGGCOGAA AGOC0CA 
GAACAGG COGADGAGGCCGAAAGGCCGAA ADCCOCA 
GGAACAG OTSAD3AGGCCGAAAGGCGGAA AADCCOC 
GOACAGG COGADGAGGCCGAAAGGCCGAA ACAGGAA 
OGOACAG COGADGAGGCCGAAAGGCCGAA AACAGGA 
OUOOADG COGADGAGGCCGAAAGGCCGAA ACAGGAA 
UGADOOU COGADGAGGCCGAAAGGCCGAA ADGOACA 
AGOOGGO COGADGAGGCCGAAAGGCCGAA ADOOOOA 
CCOGAAA COGADGAGGCCGAAAGGCCGAA AJUUUOJU 
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247 UCCCOGA OTGATOAGGCCGAAAGGCCGAA AGADUUC 

248 UUCCCDG CTOAIX3AGGCCGAAAGGCCGAA AAGADUU 
243 AUUCCCU OJGAUGAGGCCGAAAGGCCGAA AAAGADU 
257 GUGUGCC OX3ADGAGGa33AAAGGCCGAA AUUCCCU 
273 ACAGUOU C3X5ADGAGGCCGAAAGGCCGAA ACDCUCC 
291 UCCACAG OX3WX3AGGCCGAAAGGCCGAA ACCCCCU 
305 UUUDGAA CUGATOAGGCCGAAAGGCCGAA AGUCUUU 

307 GOOOOOG CUGADGAGGCCGAAAGGCCGAA ADAGUCU 

308 AGUUUUU CTGADGAGGCCGAAAGGCCGAA AAUAGUC 

318 UAAGGAC CDGAOSAGGCCGAAAGGCCGAA AGUUUUU 

319 UAUUAAG G0GAD3AGGCCGAAAGGCCGAA ACAAGUU 

322 CUUUAUU CUGADGAGGCOSAAAGGCCGAA AGGACAA 

323 0CDO0MX CUGAIX3AGGCCGAAAGGCCGAA AAGGACA 
326 ADUUCUU CIX3AD3AGGCCGAAAGGCCGAA ADUAAGG 
334 GCCAADG CUGADGAGGCCGAAAGGCCGAA ADUUCUU 
338 GGCCGOC CUGADGAGGCCGAAAGGCCGAA ADGUADU 
380 ADUGGUU COGADGAGGCCGAAAGGCCGAA ACUCUCC 

388 GUCOAGG CUGADGAGGCCGAAAGGCCGAA ADUGGUU 

389 AGUCUAG COSATOAGGCCGAAAGGCCGAA AADUGGU 
392 GGOAGOC OX3ADGAGGCCGAAAGGCCGAA AGGAAUU 
397 UUGCAGG COGADGAGGO^AAAGGCCGAA AGUCUAG 

409 ACCAAGA CUGADGAGGCCGAAAGGCCGAA ACDCUUG 

410 CACCAAG CUGADGAGGCCGAAAGGCCGAA AACUCUU 

411 ACACCAA CUGADGAGGCCGAAAGGCCGAA AAACOCU 
413 UUACACC OT3ADGAGGCCGAAAGGCCGAA AGAAACU 
419 UGUUCAD CT3ADGAGGCCGAAAGGCCGAA ACACCAA 

- 437 UUUCUAU CUGADGAGGCCGAAAGGCCGAA ADCCACU 

440 AACUUUC CUGADGAGGCCGAAAGGCCGAA AUUADCC 

447 UAGUCUC CUGADGAGGCCGAAAGGCCGAA ACUUUCU 

454 ACCAGTO OT3ADGAGGCCGAAAGGCCGAA AGUCUCA 

462 UGCAACA CUGADGAGGCCGAAAGGCCGAA ACCAGUU 

463 CXX3CAAC OT3AD3AGGCCGAAAGGCCGAA AACCAGU 
466 - UGGCUGC CUGADGAGGCCGAAAGGCCGAA ACAAACC 

479 CCUCCAA CUGADGAGGCCGAAAGGCCGAA ADCUUUG 

480 UCCUCCA CUGADGAGGCCGAAAGGCCGAA AADCUUU 

481 CUCCUCC CUGADGAGGCCGAAAGGCCGAA AAAUCUU 

497 GCAGUAA OT3ADGAGGCCGAAAGGCCGAA AUGUCCU 

498 O3CAG0A OT3BIX3AGGCCGAAAGGCCGAA AADGDCC 

499 CDGCAGU OT2ADGAGGCCGAAAGGCCGAA AAADGUC 

500 ACUGCAG OX3ADGAGGCCGAAAGGCCGAA AAAADGU 
531 AAGGCCU CD3AIX3AGGCCGAAAGGCCGAA ACUCUUU 

538 GAAAADU CUGADGAGGCCGAAAGGCCGAA AGGCCOG 

539 UGAAAA0 CXX3AD3AGGCCGAAAGGCCGAA AAGGCCU 

542 UAUUGAA COGADGAGGCCGAAAGGCCGAA ADUAAGG 

543 ADADDGA CUGADGAGGCCGAAAGGCCGAA AADUAAG 

544 UADADTC CUGADGAGGCCGAAAGGCCGAA AAADUAA 

545 UUADADU COGADGAGGCCGAAAGGCCGAA AAAAUUA 
549 UAAAUUA CUGADGAGGCCGAAAGGCCGAA ADDGAAA 
551 GUUAAAD CUGADGAGGCCGAAAGGCCGAA ADADUGA 
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554 GAAGUOA CUGADGAGGCCGAAAGGCCGAA ADUAHAU 

555 TJGAAGUU CUGAIXJAGGCCGAAAG3CCGAA AADOADA 

556 CUGAAGU CUGAD3AGGCXGAAAGGCCGAA AAADUAU 

560 CCCOCOG OTGADGAGGCCGAAAGGCCGAA AGOUAAA 

561 DCCCDCa 03GADGAGGCCGAAAGGCCGAA AAGOUAA 
573 AAAUAUU OXSADSAGGOSSAAAGGCCGAA ACDUUCC 
577 CCOGAAA 03GAD3AGGCXX5AAAGGCCGAA AOUUACU 

579 OGCOTSA OTGAIX5AGGCCGAAAGGCCGAA AQADUOA 

580 ADGCCDG COGADGAGG032AAAGGCOGAA AAUAUOTJ 

581 UADGCCO CUGADGAGGCCGAAAGGCCGAA AAAUADU 
588 GUOJCAG aX3An33U3GCXX3AAAGCKXX3VA ADGCCDG 

597 UCOGGCA C0GaDG2U3GCX33AAAGGCO3AJl AGOGOCA 

598 UU C UG GC OTGADSAGGCCGAAAGGCCGAA AAGOGOC 
611 AGAADUU CUGADGAGGCCGAAAGGCCGAA ADGCDUU 

616 UUUUAAG COGAD3AGGCCGAAAGGCCGAA ADUUUA0 

617 AUOUUAA CXCADGAGGCCGAAAGGCCGAA AAUUUUA 

619 ADAUUUU OX»DSAGGCCGAAAGGCCGAA AGAADUU 

620 UADADUU CDGAD3AGGCXX3AAAG3CCGAA AAGAAUU 
625 UGAAADA CTCADGAGGCCGAAAGGCCGAA AUUUUAA 
627 UCUGAAA OX»BGAGGCCEAAAGGCOGAA MMTOOa 

629 UADCUGA CX3GAIX1AGGCCGAAAGGCCGAA AUAUADU 

630 ADADCUG CXR3ADGAGGCCGAAAGGCCGAA AADADA0 

631 GADADCU OT3ADGAGGCXGAAAGGCCGAA AAADADA 
636 ADUCUGA C0GA0GAGGCO3AAAGGCCGAA ADCUGAA 
638 UGAUUCU CDGAD3AGGCCGAAAGGCOGAA ADADCUG 
644 CUUCAAD CCXSADGAGGCCGAAAGGCCGAA ADUCUGA 
647 AUACUUC CCGAIXAGGCCGAAAGGCCGAA ADGADDC 
653 AGGAAAA COGADGAGGCO^AAA33CCGAA ACUUCAA 

655 GGAGGAA CCK2ADGAGGCCGAAAGGCCGAA AEACUUC 

656 UGGAGGA CUGADGAGGCCGAAAGGCCGAA AADACUU 

657 CUGGAGG COGADGAGGCCGAAAGGCCGAA AAADACU 

658 CCUGGAG C0GAD3AGGCCGAAAGGCCGAA AAAADAC 
661 DDGCCOG CCJGADGAGGCCGAAAGGCCGAA AGGAAAA 
672 GaAUADC CUGADGAGGCCGAAAGGCCGAA ADDDDGC 
676 AAAAGUA OX3ACGAGGCCGAAA03CCGAA ABCAADU 
678 AAAAAAG CUGADGAGGCCGAAAGGCCGAA ADADCAA 

681 AAGAAAA CUGADGAGGCCGAAAGGCCGAA AGOAUAU 

682 UAAGAAA OXSACGAGGCCGAAAGGCCGAA AAGUADA 

683 AX2AAGAA CDGAEGAGGCCGAAAGGOCGAA AAAGUAD 

684 AADAAGA CUGADGAGGC03AAAGGCCGAA AAAAGUA 

685 AAADAAG CUGADGAGGCCGAAAGGCCGAA AAAAAGU 

686 . UAAADAA CDGA03AGGCCGAAAGGCCGAA AAAAAAG 

688 GUDAAAU CDGADSAGGCC3SAAAGGCOGAA AGAAAAA 

689 AGUDAAA CDGADGAGGCX3GAAAGGCCGAA AAGAAAA 

691 UAAGUUA COGAIJ3AGGCCGAAAGGCCGAA ADAAGAA 

692 UDAAGOT CCK2AD3AGGCCGAAAGGCCGAA AADAAGA 

693 GUOAAGU CXJGADGAGGCCGAAAGGCCGAA AAADAAG 

697 GAADGUU CUGADGAGGCCGAAAGGCCGAA AGUUAAA 

698 AGAADGU COGADSAGGCCGAAAGGCCGAA AAGUDAA 
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UUUACAG CUGADGAGGCCGAAAGGOD3AA ADGUUAA 

UUUUACA cugatoaggccgaaaggccgaa aadguoa 

GACAUOU CXGADGAGGCCGAAAGGCCGAA ACAGAATJ 
GOUAACA COGATOAGGCCGAAAGGCCGAA ACADUOU 
UUAAGUU CDGADGAGGCCGAAAGGCCGAA ACAGACA 
ADUAAGU CCF3AD3AGGCCGAAAGGCCGAA AACAGAC 
UACOAUU CUGADGAGGCCGAAAGGCCGAA AGOOAAC 
AUACOAU CDGADGAGGCCGAAAGGCCGAA AAGUUAA 
UAAADAC aX5UX3AGGCCGAAAGGCOGAA AUOAAOT 
CJCAUAAA CX3GAOGAGGCCGAAAGGCCGAA ACUADGA 
UUUCAUA CoGATOAGGCCGAAAOGCCGAA AUACDA0 
AUCUCAU OTGADGAGGCCGAAAGGCCGAA AAUACOA 
CAUUUCA COGAU3AGGCCX3&AAGGOCGAA AAAJJACU 
AAUUCUU CDGADGAGGCCGAAAGGCCGAA ACCAOOU 
AAADUCU CTGAIX2AGGCCGAAAGGCCGAA AACCADU 
TJOOACCA Q5GAIX2AGGCXGAAAGGCCGAA AUULUUA 
ADOUACC CTOAIXaAGGCCGAAAGGCCGAA AAtXJCOU 
ACQAABU COGAX73AGQCCGAAAGCjCCGA& ACCAAAU 
AAADACQ CT3ACX3AGGCCGAAAQGOOGAA ADUOACC 
UAAADAC CDGAIXaAGGCCGAAAGGCOGAA AAUUUAC 
AAADAAA CDGAIX3AGGCCGAAAGGCCGAA ACOAADU 
UUAAADA aXATOAGGCCGAAAGGCCGAA ADACOAA 
AUOAAAU CTOA03AGGCXX3AAAGGCCGAA AADACDA 
CADUAAA CUUAUaAGGCCGAAAGGCCGAA AAADACU 
AACAUUA COSADGAGGCCGAAAQQCOGAA. AUAAADA 
UAACAUU CDGAIXaAGGCCGAAAGGCCGAA AADAAATJ 
AUAACAU CX3GAIJ3AGGCCGAAAG3CCGAA AAADAAA 
ACAACAU COGAtXSAGGCCGAAAGGCCGAA ACADOAA 
CACAACA OJGADGAGGCCGAAAGGCCGAA AACAOUA 
AGAACAC CXK3AD3AGGCCGAAAGGCCGAA ACAUAAC 
UUAOOAG CIX3ADGAGGCCGAAAGGCQGAA ACACAAC 
UUUAUUA OT3AIX3AGGCCGAAAGGCCGAA AACACAA 
GUUUUAD COGAtXSAGGCCGAAAGGCCGAA AGAACAC 
UOUGOOa CDGADGAGGCTGAAAGGCCGAA ADOAGAA 
AGOUGDC CXXaAtXjcAGGCCGAAAOGCCGAA ADUOUOG 
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Table 13: Mouse IL-5 HH Kibozyme Target Sequence 



nt. HH Target Sequence 
Position 



8 


cGCuCDU 


c 


CUUOGCu 


U 


uCUUcCT 


U 


DGCugAA 


12 


COOcCOT 


0 


GCugAAG 


36 


GAAgacU 


U 


CAGAGuC 


36 


GaAgAcU 


u 


cAgAGUc 


37 


AAgaqpU 


C 


AGAGuCA 


43 


UcaGaGU 


c 


ADGAgaA 


58 


GGADGOT 


CT 


CUGCAC0 


59 


GAJUGOJU 


C 


OGCAcUU 


59 


gADGcUU 


c 


uGcAcUU 


66 


CUGCAcU 


U 


GAGDgUu 


82 


OgAcucU 


c aGcOGOS 


91 


GcOgOSU 


c 


uggGCCA . 


112 


ugGAgAU 


U 


CCCAugA 


113 


gGAgADU 


C 


CCAugAG 


141 


GAGAGCU 


U 


GaCACaG 


141 


GAgACcCT 


u 


GaCAcAg 


158 


gOCcgCU 


c 


AcCGAgC 


167 


eCGAgCCJ 


c 


OSuOGAc 


196 


UGAGGcU 


u 


ccocacc 


197 


GAGGcOU 


c 


COGUfcCC 


197 


gAGGCuU 


c 


COGuCcC 


202 


UUCCUCKJ 


c 


CCOactlC 


202 


UOCCCJGU 


c 


CcUAcuc 


206 


USUCccU 


a 


cuCaUAA 


212 


UACUCA0 




aAAaUCa 


212 


UacuCMJ 


A 


AAAADCA 


218 


UaaAaaU 


c 


aCcAGOT 


218 


UAAAAAU 


C 


ACCAgCU 


218 


uAAAAMJ 


c 


acCAgCU 


232 


UaOGCAIJ 


U 


GGaGAAA 


241 


gAGAAAU 


c 


OUOCAGG 


241 


gAgAaAU 


c 


UUucAGG 


241 


gagAAAU 


c 


UUUCAGG 


241 


gAgAaAU 


c 


UOOCAGg 


243 


gaAAucU 


U 


UCAGgGg 


243 


GAAADOJ 


U 


OCAGGGg 


244 


AAAUOTJ 


U 


CAGQGgc 


245 


AADCUUU 


C 


AGGGgcU 



at, HH Target Sequence 
Position 

253 AGGGgcO A GaCAuAC 

259 UagACAO a CSGaAgA 

269 GaAGAaU C AAACOGO 

269 GaAGAaU c AAaCugU 

269 GAAgaAU c aAAcOgtT 

287 uGGGGGU A CCGOGGA 

301 AAAugCU A tJUCcAAA 

301 AAAugCU a uDCCaaA 

303 AUGCuATT u CCaAaAc 

303 AugCUAU XJ CcAAAAC 

304 ugCOAOT C cAAAACc 
315 AACcOGQ C aOUAADA 

318 cCGDCaU U AACRAAG 

319 CGOCaUU A ADAAAGA 
322 CaUCRAD A AAGAAAC7 
330 AAGAAAB A CAUCGAC 
334 AAOACAU U GACcGCC 
334 AADaCaU u GACcgCC 

384 AggCAgO U CCUgGAu 

385 ggCAgUU C COgGAuU 
393 COgGAutJ A CCOGCAA 

405 CAAGAGO U cCUUGGtf 

406 AAGAGOa c CUU GG U G 
409 AGOUcCU U GGOGOgA 

481 UcaCAACJ u UAAgUUA 

482 cAcAAOO TJ AAgUUaA 

483 AcAADUU A AgOQaAa 
483 AcAADuU a aGDOAAa 
495 AAADUgU c AAcAgMJ 
553 GCDGuuU c CaUuUAD 
S57 UuDcCAD U UauaOUU 
564 UUauAnU u aOgOCCa 

564 UUAuaUU u AngUcCa 

565 uaUADDU a ugOCCuG 
565 UADAuOU a OgUCcOg 
569 OUuADGU c cOGUaOT 
569 uUUADGU c cCGUagO 

613 AAAGuGU u uaaCCOU 

614 AAgOGutJ u aACcOOO 
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620 


UOAACcU u uUuGUAU 


1407 


cCAgUOU A CUcCAGg 


793 


caAGgCU u UGuGcAU 


1407 


ccAgUUU a CUCCAGG 


816 


CUGagUU a UACDCcc 


1410 


gUUUaCU C CAGGaAA 


818 


GAgtlUAU a cUCCeuC 


1434 


AUgCUUU U aUuDaAU 


825 


ACUcCcO c CccCOCA 


1434 


aUgcUuU U AXJUOAAn 


825 


aCUccCO c CcCcOCa 


1434 


aUgcuUU u AuUOAAU 


839 


AuCcucO U cGUOGCA 


1435 


OgCUUUU a UuUaAJJU 


840 


uCcucUU c GUUGCAu 


1435 


ugcOCUU a uUUAaDU 


863 


cAAgOAB U cCAGGCu 


1438 


UuUUAOT U AAuUcug 


864 


AAgOADU c CAGGCug 


1438 


uOUOADU U AADucUg 


864 


AAGUABO c caggCug 


1439 


CUDADUU A ADucOgCT 


913 


gAaCUCU a GGucCaG 


1443 


DUUaAud c UGuaAGa 


917 


UcOuggU c CAGAnGG 


1447 


ADUCOGO A AgADGUu 


957 


UUagcAU c COUOcUc 


1458 


ugUUcaU a UUADUUA 


960 


GCAuceU u UcUcCuA 


1458 


ugUUcAU A uUAUUUA 


960 


GcaDcCU u uCOCcOa 


1460 


UucADAU u AuuuAug 


962 


ADcCuuU c UCcUaGC 


1461 


UcAUAnU A UUUAUGA 


975 


gcccCUU u AgAUAgA 


1463 


AOAuDAn U UADSAug 


987 


aGaDGAJJ A cuuAADG 


1475 


AuGgADU c aGUAAgU 


990 


DGAuACU u AAugacU 


1479 


ADUcaGU A AgUOAaU 


1000 


UGACuCU c UugCuGA 


1483 


aGuAAGU u AADAUUU 


1027 


CgggGCU U cCOgCUC 


1483 


aGUAAgU U AaUAUUU 


1034 


UCCOGcU C CUaUcuA 


1484 


GUAAgGU A aOADUUA 


1037 


UgcUCcU A UcUAACU * 


1487 


agUUAAU a UDuAuDA 


1039 


cUccuAU c UAACUUC 


1487 


AgUDAaU A UCQAUOa 


1039 


cUCcUAU c UAACDUc 


1489 


UUAADaU U uAuUAcA 


1041 


CcUAUcU A ACUUcAa 


1489 


CUAAuAD u UAUUaCA 


1051 


UUcAAuU U AAuAccC 


1489 


UUAaOAU U UAUUacA 


1148 


uGAcUUU u cUuaUGU 


1490 


UAADaUU u AnUAcAc 


1213 


GCUgGaU u UUGGAaa 


1490 


UAaUADU U ADuAcAc 


1213 


gcUGGAU U uDgGAAA 


1490 


UAaUADU U AUUacAc 


1214 


cugGAUU U UGGAaaA 


1491 


AADADUU a uuaCAcg 


1215 


ugGAUUU U GGAaaAG 


1491 


AAOADuU a UuAcAcg 


1234 


gGGACAU c UccuDGC 


1491 


AaOAUOU A UuAcAcG 


1236 


GACAUcU c cutXSCAG 


1491 


AaUAUUU A UUacAcG 


1275 


ugGGCCU U AcOOcUC 


1494 


AUuUADU a CAcgUATJ 


1276 


gGGCCUU A cOUcUCc 


1502 


cAOGUaU A UaauAUu 


1280 


CUUAcUU c UCcgUgU 


1502 


cAcgUAU a UAAUaUU 


1298 


UgAACUU a AGAaGcA 


1507 


AUAUAaU a UUcUaaU 


1310 


gcAAAGU a aAuACcA 


1509 


AUAAnAU U CUaAuAA 


1310 


GCAAAgCT a aADAcca 


1509 


aUaaUaU U CUAAUAA 


1310 


GcaAAgU a AAUAccA 


1510 


UAAuADU C UaAuAAa 


1350 


AAAGCAU A AAAUggU 


1510 


UAAuADU C OaauAAA 


1358 


AAADGGU U ggGAugO 


1510 


UAAuAuU c UaaUAAA 


1370 


UgUuaUU C AGgUAUC 


151Q 


UaaUaUU C UAAUAAA 


1375 


DUCAGgU A UCAGggU 


1512 


aUaUUCU A AUAAAgC 


1377 


CAGgUAU C AGggtfCA 


1515 


UUCUAAU A AAgCAgA 


1383 


UCAGggU C AcOGgAG 




1405 


cccCAgU U UAOJcCA 
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Table 17 

Mouse rel A HH Target sequence 
nt Position HH Target Sequence 



19 


AADGGCU a caCaGgA 


22 


aGCUCcU a cGOgGCG 


26 


CcOCcaXJ u GcGgACa 


93 


GAuCUGO O UCCCCUC 


94 


AuCOGOa u COCGJCX 


100 


UuCCCOJ C ADCOCuC 


103 


CCCOCA0 C UUuCCcu 


105 


COCADCU U uCCcuCA 


106 


UCAUCUU u CCcuCAG 


129 


CAGGCutT C UGGgCCu 


138 


GGgCCuU A CGCT3GAG 


148 


UGGAGAU C AUcGAaC 


151 


AGADCAU c GAaCAGC 


180 


ADGOSaa U COGCUAu 


181 


DGCGaDU C CGCOAnA 


186 


ODCCGCa A uAAaUGC 


204 


GGGOGCXJ C aGOGGGC 


217 


GCAGuAD u CdlGGCG 


239 


CACAGATJ A CCACCAA 


262 


CCACCAU C AAGADCA 


268 


UCAAGAXJ C AAESucU 


276 


AADGGCD A CACAGGA 


301 


UuCGaAD C OCCCDGG 


303 


CGaADCtJ C CCOGGOC 


310 


CCC0GGO C ACCAAGG 


323 


GGcCOCCJ C CUCcuga 


326 


uCCaCCQ C ACOGGCC 


335 


CCGGCCCI C AuCCaCA 


349 


AuGAaCU 0 GOgGGgA 


352 


AGaUcaO c GaAcAGc 


375 


GADGGCtJ a COADGAG 


376 


AUGGucU C UccGgaG 


378 


GGCOaCa A UGAGGCU 


391 


CDGAxrCa C UGCCCaG 


409 


GCaGuAU C CAuAGcD 


416 


CCgCAGa a OCCAuAg 


417 


CAuAGcO U CCAGAAC 


418 


AuAGcDU C CAGAACC 


433 


UGGGgAH C CAGOGUG 


795 


GGCUCCCJ O UOOlCAA 


796 


GCOCCTO U UCuCAAG 


797 


COCCDOa 0 CuCAAGC 


798 


UCCUUUU C U.CAAGOT 


829 


UGGCCAU U G0G0OCC 
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nt Position HH Target Sequence 



467 


cCAGGCT c cuguDCg 


469 


AaGCcA0 U AGcCAGC 


473 


UuUgAOT C AGauCAg 


481 


AGCGaAU C CAGACCA 


3U1 


AACCCCC7 U uCAcGOU 




AU.VA-wUU u CaCSuuC 




UuCAcGu u CCuADAG 




uCAcGUU C CUABAGA 


3J-4 


CjUU-lu A UAGAgGA 


d1 A 
3 J.-* 


OCCCGEA0 A GAgGAGC 


3-54 


GssvjwsACu A uGACuuG 


300 


UjCGcCu C vajUJUvjv; 


30l 


UjUAjW U CCAGGDG 




UCUGCOT C CAGGOGA 


Cflff 
DB3 


aAgCCAu u AGcCAGc 




<aGOjuuJ C CuCCOSa 


bio 


CcCCUCT C COcuCaC 


QJ.Q 


vaaaajju c uCauAuC 


017 


gucCCOT C CDCAgCC 




CCUUCCU C AgCCaug 


0.2.5 


UCCUgcU u CCADCDc 


MO 


AUCCgAIT u UOUGAuA 


63Q 


CCgADuU XJ uGAxaAAc 


OOl 


CgADuuu u GAuAAcC 


638 


UGgCcAU U GUGuuCC 


661 


CCGAGOT C AACT0CU 


oo7 


TCAAGAC7 C CGGOGAG 


Oo7 


CGgAACu C UGGgAGC 


/OU 


^aa^juj C GGOGGGG 




ADGAGAU C UUCuOgC 


717 


GAGADCCI U CuOgCOG 


718 


AGADCOU C uagCDOT 


721 


UucOCCO c CauDGcG 


751 


AaGACAD U GAGG0GD 


759 


GAGGOGO A UDDCACG 


761 


GGOGOA0 U UCACGGG 


762 


GO30ADO U CAOGGGA 


763 


TJGOADUa C ACGGGAC 


792 


• CGAGGCa C CDDOOCU 


1167 


GADGAGO U UuCCcCC 


1168 


ADGAGUa U uCCcCCA 


1169 


UGAGOUU u CCcCCAU 


1182 


ADGcOGa U aCCaDCa 


1183 


UGcOGOO a CCaDCaG 
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834 


AUwJjGU U CCGGACu 


1184 


835 


UUai/oUU C CQGACuC 


i ^ on 
1187 


845 


GACuCCU C CgOADGC 


1188 


849 


CCOCCgU A CGCcGAC 


1198 


872 


cCAGGCa C COGUuCG 


1209 


883 


UuCGaGU C OCCADGC 


1215 


885 


CGaGOC0 C CABGCAG 


1229 


905 


GCGGCCO 0 CuGAuCG 


1237 


906 


CGGCCOU C uGAuCGc 


1250 


919 


GcGAGCa C AGOGAGC 


1268 


936 


ADGGAgU 0 CCAGOAC 


1279 


937 


UGGAgO0 C CAGuACU 


IZol 


942 


uva-CAGCJ A CuIXSCCA 




953 




1309 






1315 




V*cl,y V>a.t~\j 1* yu.nuw> 


1318 


37 J 




1331 




^hrr^f^f^TX ii /*l&(7afini 
VanjgjttJCU u, OUluogu 




996 


AUvsiu-CU A UUniaftlJU 


JL30.7 


1005 


GAGAOC0 0 CAAGAGu 


1 Alt 


1006 


AGACC0U C AAGAGuA 


1414 


1015 


AGAjGuAU C AB3AAGA 


1437 


1028 


GAAGAOT C CUUUCAa 


1441 


1031 


GAG1XXU tJ DCAauGG 


1467 


1032 


AGOOCD0 0 CAauGGA 


1468 


1033 


GUCCOO0 C AauGGAC 


1482 


1058 


CCGGCC0 C CftaCcQS 


1486 


1064 


UaCACCT u GtocCAa 


1494 


1072 


GgCGuAO" 0 13JUW»UjC 


1500 


1082 


uoucjcuu a CuCGaAa 


IjOI 


1083 


aaGOCOCJ C CCGaAGu 


13U<<£ 


1032 


_ , h ^ /"*t t »^nryrT 




1097 


CUCAaCU U CX*jUa-VJ- 


looo 


1098 


UCAaCOU C iaajjCCC 


1577 


1102 


i_uuujv»u C CCCAAGC 


1579 


1125 


CAGCCCU A caOQOOc 


1583 


1127 


GCCaUAU a gCcOOAC 


1588 


1131 


cAOCCCtJ c agCacCA 


1622 


1132 


AcaCCUU c cCagCAU 


1628 


1133 


UCCaUctJ c CagQiOC 


1648 


1137 


UUOACuU* u AgOgCgc 


1660 


1140 


cCagCAU C CCUcAGC 


1663 


1153 


GCACCA0 C AACDU30G 


1664 


1158 


ADCAAOT u 03A0GAG 


1665 


1680 


GAAGAC0 0 C00C0CC 




1681 


AAGACD0 C DCCDCCA 




1683 


GACOOC0 C COCCAU0 




1686 


0UCOCC0 C CA0O3CG 




1690 


CC0CCA0 0 GOGGACA 





GGccccU C CUcCOGa 
GUccCuU c COcaGCc 
UOaCCaU C aGGGCAS 
GGgAGuD u AGuCuGa 
CAGcCCU a caOCODc 
cuGQCOJ 0 aGCaCCG 
GGuCCCU u CCucAGc 
CCCAgcO C COGCCCC 
CCAGcCU C CAGgCuC 
OCCaGCU C CuGCCcc 
CCATOOT c cCuuCcu 
gOGGgcU C AGCBgcG 
ADgAGuQ u 0ccCOCA 
CuOGQGU u CgAGOCu 
cCCCAGU u CUAaCCC 
CAGOuOT A aCCCCgG 
gGGuOC0 C CcCAGuC 
CuuUuCa C AaGCOGa 
AOGCOG0 C gGAaGCC 
CO3CAG0 0 0GADGC0 
0GCAG00 0 GADGcDG 
GGGGCCD 0 GCDOGGC 
CCDOGC0 0 GGCAACA 
GgaGO30 0 CACAGAC 
gaGO3O0 C ACAGACC 
COGGCALT C uGOgGAC 
CuDCgOT a GggAAC0 
GACAACU C aGAGDOa 
0CaGAG0 0 tXZAGCAG 
CaGAGUU 0 CAGCAGC 
aGAG0O0 C AGCAGC0 
gGuGCMJ c CCOGOGu 
ADGGAG0 A CCCDGAa 
UGAaGC0 A UAACOCG 
AaGCQAO A ACOCGCC 
OA0AAC0 C GCCDgGO 
CTCuCCU A GaGAggG 
GCCAGC0 C COGCcCC 
tXX!X3C0 u CggOaGG 
OQGGGC0 u CCCAADG 
cUGaCCO C ugccCAG 
cuCOgCa 0 cCAGGuG 
uCOgCOU c CAGGuGA 
CCJCgcO0 u cGGAGgU 
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1721 uuDGAOT C AGAJDCAG 
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1754 CaGugCU C CCaAGAG 
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Table 18 

Human ret A HH Target Sequences 

nt. Position HH Target Sequence nt Position 



19 






22 


GGCUCGU c ugoagug 




26 




% /-> 


93 


biiALUbu w \JUU*J»wV» 


4fll 


OA 

94 




501 


1 Art 




502 


.Uj 


rcCDCMT C DOOCOSG 


508 






509 


106 


UCADCUU C CCGGCAG 


512 


129 


CAGGCC0 C 0GGCCCC 


514 


138 


GGCCCCU A UUUGGAG 


534 


148 


UGGAGAU C ADOGAGC 


556 


151 


AGADCAD 0 GAGCAGC 


561 


180 


ADGOGC0 TT COGCOAC 


562 


181 




585 


IRS 
low 




598 




GGGCGCU 0 OGOGGGC 


613 






61 6 

Old 


233 




01/ 


262 


CuACLAU C AAGAUGa 


• /Ton 


268 


UCAAGAU C AAOQGC0 


623 


276 


AATJGGCu a CAGAGGA 


628 


301 


DGCGCAjlJ C UOuoXSG 


630 


303 


CGCADCu C UOA**UC 


631 


310 


CCCuGGU C ACGUVGG 


63 o 


323 




QQl 


32 o 




oo / 






GO / 






700 






715 


375 
o / j 




717 


•J / o 




71B 

/ Aw 


378 


GGCUUCU A TJGAGGCU 


721 


391 


C0GAGC0 C TJGOCCGG 


751 


409 


GOT3CAU C CACAGDU 


759 


416 


CCACAGU U UCCAGAA 


761 


417 


CACAGUU 0 CCAGAAC 


762 


418 


ACAGUUU C CAGAACC 


763 


433 


UGGGAAU C CAGUGCK3 


792 


795 


GGCOCC0 T7 TJUOQCAA 


U67 


796 


Gcoccoa u ucgcaag 


1168 


797 


caccoaa u cgcaasc 


1169 


798 


uccuuua C GCAAGOJ 


1182 


829 


OGGCCATJ 0 G0G00CC 


1183 


834 


AOUGUGU U CCGGACC 


1184 



PCMB95/00156 



HH Target Sequence 

GCAGGCU A OCAG0CA 
AGGCOA0 C AGOCAGC 
CATJCAGO C AGCGCA0 
AGCGCAU C CAGACCA 
AACCCCU a CCAAGOT 
ACCCCOT C CAAGUCC 
UCCAAGO 0 CC0AQAG 
CCAAGGU C COMJAGA 
AGC0CCT A UAGAAGA 
UOeOJAU A GAAGAGC 
GGGGACU A CGACCOG 
TOCGGCa C TJGCOOCC 

cacaGca a ccaggsg 

UCUGCUU C CAGGOGA 
GAdXATJ C AGGCAGG 
GGCCCCQ C CGCCOGC 
CGCC0GU C CDOCCDC 
CUG0CCU U CTOCADC 
DGOCCCa C COCADCC 
ccoocca C ADCCCAU 
TCCDCAD C CCAOCOIJ 
ACCOCAJJ C UOOGACA 
CCCADCU U TJGACAAU 
CCALCUU 0 GACAAOC 
DGACAAU C G0GCCCC 
CCGAGCU C AAGATJCO 
UCAAGATJ C 0GO0GAG 
CGAAACU C TJGGCAGC 
GCOGCCa C G G OGGGS 
ADGAGAU C UUCOJAC 
GAGADCTJ 0 CCOACCG 
AGAUCUU C CDAC0GO 
DCCGCCU A CDGOGOG 
AGGACATJ a GAGGDGU 
GAGGOGtJ A COOCACG 
GG0GDAU 0 OCACGGG 
GUGUAUU 0 CAOGGGA 
0GOA000 C AOGGGAC 
CGAGGCQ C CUUU0CG 
' GATJGAG0 0 CCOCACC 
AUGAG00 0 CCCACCA 
CGAGOXJU C CCACCA0 
ACGG0GU 0 UCCUDCa 
OGGGGUa 0 CC00C0G 
GGOG0OU C CDCOXSG 
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835 
845 
849 
872 
883 
885 
90S 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1681 
1683 
1686 
1690 
1704 



UOGOGOQ C CGGACCC 
GACCCCU C CCUACGC 
CCOCCCU A CGCAGAC 
GCAGGOJ C CDGOGCG 
OGCGUGU C UCCADGC 
CGOGOCa C CM3GCAG 
GCGGCCQ U OCGACCG 
CGGCCO0 C CGACCGG 
GGGAGCa C AGOGAGC 
ADGGAA0 V CCAGUAC 
UGGAADU C CAGOACC 
UOCCAGO A CCDGCCA 
GCCAGAU A CAGACGA 
ACACGAU C GOCACCG 
CGABCOT C ACCGGMJ 
ACCGGA0 U GAGGAGA 
GAAACGO A AAAGGAC 
AGGACACJ A U3AGACC 
GAGACCQ U CAAGAGC 
AGACCU0 C AAGAGCA 
AGAGCAU C ADGAAGA 
GAAGAOJ C COOaCAG 
GAGOCCE U UCAGCGG 
AGOCCUU U CAGOGGA 
GUCCDU0 C AGOGGAC 
COGGCCa C 

uccAcca c 

GACGCA0 V 
UGUGCOJ U 

GOGQcaa c 

CGCAGOT C 
CUCAGCU o 



CAOCDGG 
GACGCA0 
GCDGOGC 
CCOGCAG 
CCGCAGC 

Accaoca 

COGOOCC 
UGOCCCC 
CCCAAGC 

pcac uuu 
CcuuuaC 



TCAGCDtJ C 
C UUCUG P C 
CAGCCCtf A 
GCCCHAO c 

dadcccu tx uaogoca 
adcccuu a acgocmj 
occcaao a cgkjcadc 

UDOACGO C ADCCCOG 
ACGUCAXJ C CCtXSAGC 
GCACCA0 C AACOADG 
AUCAACU A UGADGAG 

gaagaoj a ajccucc 

AAGACUU C UCCOCCA 
GACOOCU C CUCCAOU 
UOCOCCU C CADOGCG 
CCOCCMJ 0 GCGGACA 
AD3GAC0 O COCAGCC 



1187 
1188 
1198 
1209 
1215 
1229 
1237 
1250 
1268 
1279 
1281 
1286 
1309 
1315 
1318 
1331 
1334 
1389 
1413 
1414 
1437 
1441 
1467 
1468 
1482 
1486 
1494 
1500 
1501 
1502 
1525 
1566 
1577 
1579 
1583 
1588 
1622 
1628 
1648 
1660 
1663 
1664 
1665 



GOUOCCa 

uuuccuu 

GGCAGA0 
CAGGCOJ 
UCGGCCU 

GGcccca 

CCCAAGU 
CCAGGC0 
COCOGCT 
CCADGG0 
ACGGUA0 
ADCAGCO 
CCCCOG0 
OCCCAG0 
CAGOCC0 
AGGCCC0 

cccocca 

ACGCOG0 
CO3CAG0 
UGCAGD0 
GGGGCCa 
CCUDGC0 
GC O G O G a 
CUGOGUU 
COGGCA0 
CMJGOG0 
.GACAACU 
UCCGAG0 
CCGAGU0 
CGAGUDU 
AGGGCAU 
ADGGAGU 
OGAQGCU 
AGGCDAU 
UAUAACU 
COCGCCO 
CCCAGCU 

aecoGar 

AD3GCC0 

Gccocca 
caxrao 
caccuuu 



COGGGCA 
0GGOCAG 
AGCCAGG 
GGCCOOG 
GGCCCCG 
CCCAAGO 
COGCCCC 
CAGCCCC 
CAGCCAU 
0CAGCOC 
AGCDCOG 
UGGCCCA 
CCAGOCC 
CUAGCCC 
GCCCCAG 
COCAGGC 
AGGCOG0 
AGRGGCC 
U DGBDSAD 
0 GA0GADG 
0 GCODGGC 
U GGCAACA 
CACAGAC 
ACAGACC 
CGOCGAC 
GACAACU 
CGAGUUU 
UCAGCAG 
CAGCAGC 
AGCAGOJ 
CC0G0GG 
CCCUGAG 
UAACOCG 
ACDCGCC 
GCCDAGU 
GOSACAG 
COGC U CC 
CAOX3GG 
CCCAATO 

cooucag 

UCAGGAG 
U CAGGAGA 
C AGGAGAU 
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1705 


CGGACOT C UCAGCCC 


1707 


GAOJUCU C AGCCCOG 


1721 


GCOGAGO C AGADCAG 


1726 


GUCAGAD C AGCOCCU 


1731 


ADCAGOJ C CQAAGGG 


1734 


AGCUCCU A AGGGGGU 


1754 


COGCCCCT C CCCAGAG 
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Table 19 . 

Mouse ret A HH flibozyme Sequences 

nt HH Ribozyme Sequence 
Sequence 

15 UCCDGOG OXSAlXsAGGCCGAAAGGCCGAA AGCCADU 

, 22 CACCACG COGADGAGGCCGAAAGGCCGAA AGGAGCO 

26 DGDCCGC OT3AIXSAGGCCGAAAGGCCGAA ADGGAGG 

93 GAGGGGA COGA03AGGOCGAAAGQCCGAA ACAGADC 

94 UGAGGGG COGADGAGGCCGAAAGGCCGAA AACAGAU 
100 GAAAGAU COGADGAGGCCGAAAGGCCGAA AGGGGAA 
103 AGGGAAA COGAIX2AGGCCGAAAGGCCGAA AOGAGGG 

105 UGAGGGA COG3U3GAGGCCGAAAGGCCGAA AGADGAG 

106 COGAGGG CXX3ATOAGGCCGAAAGGCCGAA AAGADGA 
129 AGGCCCA CDGAD3AGGCCGAAAGGCCGAA AAGCCDG 
138 CDCCACA CDGADGAGGCCGAAAGGCCGAA AAGGCCC 
148 GUDCGAU OT3ADGAGGCCGAAAGGCCGAA ADCOCCA 
151 GCOGOOC CXJ3ADGAGGCCGAAAGGCCGAA ADGADCU 

180 ADAGCGG COGAD3AGGCCGAAAGGOOGAA ADCGCAD 

181 UADAGCG COGATCAGGCCGAAAGGCCGAA AADCGCA 
186 GCADUDA COGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCQ COGADGAGGCCGAAAGGCCGAA. AGCGCCC 
217 CGOCAGG COGADGAGGCCGAAAGGCCGAA ADACOGC 
239 DOGGDGG COGADGAGGCCGAAAGGCCGAA ADCOGOG 
262 DGADCUU COGADGAGGCCGAAAGGOCGAA ADGGUGG 
268 AGCCADU COGADGAGGCXX3AAAGGCCGAA AUCUUGA 
276 UCCDGOG COGADGAGGCO^VAAGGCCGAA AGCCADU 
301 CCAGGGA OTGADGAGGCCGAAAGGCCGAA ADOCGAA 
303 GACCAGG COGADGAGGCCGAAAGGCCGAA AGADUCG 
310 CCDOGGU COGADGAGGCCGAAAGGCCGAA ACCAGGG 
323 UCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
326 GGCCGGU COGADGAGGCCGAAAGGCCGAA AGGOGGA 
335 UGOGGAD aX^DGAGGCCGAAAGGCCGAA AGGCCGG 
349 UCCCCAC COGADGAGGCCGAAAGGCCGAA AGOOCAU 
352 GCOGOOC OX3ADGAGGCCGAAAGGCCGAA ADGADCU • 

375 COCAHAG CUGAXX3AGGCCGAAAGGCCGAA AGCCAOC 

376 COCCGGA COGADGAGGCCGAAAGGCCGAA AGACCAD 
378 AGCCOCA CD3AQGAGGCCGAAAGGCCGAA AGOAGCC 
391 CUGGGCA CTGAOSAGGCCGAAAGGCCGAA AGGDCAG 
409 AGCUADG COGAIX3AGGCCGAAAGGCOGAA ADACOGC 

416 CUADGGA COGADGAGGCCGAAAGGCCGAA ACDGCGG 

417 GOOCOGG COGADGAGGCCGAAAGGCCGAA AGCOADG 

418 GGDOCOG COGADGAGGCCGAAAGGCCGAA AAGCUAD 
433 CACACOG CDGAIX3AGGCCGAAAGGCCGAA ADCCCCA 
467 CGAACAG COGADGAGGCCGAAAGGCCGAA AGCCOGG 
469 GCOGGCU COGADGAGGCCGAAAGGCCGAA ADGGCDU 
473 COGADCD COGADGAGGCCGAAAGGCCGAA ACDCAAA 
481 OGGOCOG COGADGAGGCCGAAAGGCCGAA ADOCGCU 
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501 AACGDGA CCK3ADGAGGCCGAAAGGCCGAA AGGGGDU 

502 GAACGOG OXaDGAGSmaAAAGGCC^^ AAGGGGU 

508 CUAOAGG CDGADGAGGCCGAAAGGCCGAA ACGOGAA 

509 UCUADAG CDGADGAGGCCGAAAGGCCGAA AACGOGA 
512 OCCOCOA aX3M)GAGGCCGaAAGGCCGAA AGGAACG 
514 GC0CCOC OX3VDGAGXXX3GAAAGGCa^ AOAGGAA 
534 CAAGUCA OTjADGAGGCCGAAAGGCCGAA AGUCCCC 
556 GGAAGCA COSADGAGGCCGAAAGGCOGAA AGGCGCA 

561 CACCOGG OTSADGAGGCCGAAAGGCCGAA AGCAGAG 

562 UCACCOG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
565 GCOGGC0 CDGADGAGGCCGAAAGGCCGAA ADGGCDU 
598 OCAGGAG C03ADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GCCAGAG cUiAUiAGGOCGAAAGSOOGAA ACAGGGG 

616 GADGOGA COGADGAGGOXAAAGGCCGAA AGGACAG 

617 GGCOGAG OX3ADGAGGCCGAAAGGCCGAA AAGGGAC 
620 CADGGCn CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 GAGADGG CtKJACFGAGGCCGAAAGGCCGAA AGCAGGA 
628 UADCAAA OTGADGAGGCCGAAAGGCCGAA ADCGGA0 

630 GUUADCA CDGADGAGGCCGAAAGGCCGAA AAADCGG 

631 GGDUADC CEGAIX2AGGCCGAAAGGCCGAA AAAADCG 
638 GGAACAC OT2ADG&GGCCGAAAGGCOGAA ADGGCCA 

661 agadcot axssaaaGcas^^ agcocgg 

667 COCGGCA CDGADGAGGCCGAAAGGCCGAA ADCUDGA 

687 GCOCCCA OTGADGAGGCCGAAAGGCCGAA AGOOCCG 

700 CCCCACC QX5ADGAGGCOGAAAQGCOGAA AGGCAGC 

715 GCAAGAA COGADGAGGCCGAAAGGCCGAA ADCOCA0 

717 CAGCAAG COGADGAGGCCGAAAGGCCGAA AGADCUC 

718 ACAGCAA CDGADGAGGCCGAAAGGCCGAA AAGADCU 
721 - CGCAADG OX3ADGAGGCCGAAAGGCCGAA AGGAGAA 
751 ACACCOC OT3ADSAQGCCGAAAGGCCGAA AU G UCUU 
759 CGDGAAA COGADGAGGCCGAAAGGCCGAA ACACCOC 

761 CCCGOGA COGAPGAGGCCGAAAGGCCGAA ADACACC 

762 OCCCGOG COGADGAGGCCGAAAGGCCGAA AADACAC 

763 GDCCCGU CDGADGAGGOXAAAGGCCGAA AAAHACA 
792 AGAAAAG COGADGAGGCCGAAAGGCCGAA AGCC0CG 

795 UOGAGAA C0GADGAGGCCX5AAAGGCQGAA AGGAGCC 

796 COUGAGA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCOOSAG COGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGC00GA CXR3AJ03AGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC COGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 AGOCCGG COGADGAGGCCGAAAGGCCGAA ACACAA0 

835 GAGOCCG COGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGOACG OXSADGAGGCCGAAAGGCCGAA AGGAGDC 
849 GOCGGCG CDGADGAGGCCGAAAGGCCGAA ACGGAGG 
872 CGAACAG CDGADGAGGCCGAAAGGCCGAA AGCCOGG 
883 GCADGGA C03ADGAGGCCGAAAGGCCGAA ACDCGAA 
885 COGCADG CDGADGAGGCCGAAAGGCCGAA AGACOCG 

905 CGADCAG COGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 GCGADCA CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
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919 GCaCACU CIX3ADGAGGCCX2AAAGGCOGAA AGCDCGC 

936 GUACOGG OX2ADGAGGCCGAAAGGCCGAA ACUCCAD 

937 AGOACOG CDGADGAGGCCGAAAGGCCGAA AACOCCA 
942 UGGCAAG CUGAUGAGGCCGAAAGGOOGAA ACUGGAA 
953 UCADGOG OT2AD3AGGCCGAAAGGCCGAA ADGAGGC 

962 OGGOGGC CXXSADGAGGCCGAAAGGCCGAA ADCADCO 

963 GOCOGGC CDGADGAGGCCGAAAGGCCGAA AGDACOG 
973 DCOCOOC CDGADGAGGCCGAAAGGCCGAA ADCCGGU 
986 ACOCOOG CT3ADGAGGCCGAAAGGCCGAA AGGOCDC 
996 GGOCOCA CDGADGAGGCCGAAAGGCCGAA AGGDCCD 

1005 ACOCOOG CDGADGAGGCCGAAAGGCCGAA AGGOCDC 

1006 UACOCOO CDGADGAGGCCGAAAGGCCGAA AAGGUCU 
1015 OCOOCA0 CDGADGAGGCCGAAAGGCCGAA ADACOCO 
1028 OOGAAAG CDGADGAGGCCGAAAGGCCGAA ACOCODC 

1031 CCADDGA CDGADGAGGCCGAAAGGCCGAA AGGACDC 

1032 DCCADOG CDGADGAGGCCGAAAGGCCGAA AAGGACO 

1033 GOCCADO CDGADGAGGCCGAAAGGCCGAA AAAGGAC 
1058 CGGGODG CTOADGAGGCOGAAAGGCCGAA AGGCCGG 
1064 DDGGADC CDGADGAGGCCGAAAGGCCGAA AGGDGUA 
1072 GCACAGC CDGADGAGGCCGAAAGGCCGAA ADACGCC 

1082 DODCGGG OTGADGAGGCOGAAAGGCCGAA AGQCACA 

1083 ACOOOGG GJGADGAGGQCGAAAGGCOGAA AAGGCDD 
1092 AGAAGOO QX2ADGAGCXXX31AAGGCCGAA AGUDDCG 

1097 GGGACAG OX3ADGAGGCCGAAAGGCCGAA AGDOGAG 

1098 GGGGACA CDGADGAGGCCGAAAGGCCGAA AAGDOGA 
1102 GCOOGGG COGADGAGGCCGAAAGGCOGAA ACAGAAG 
1125 GAAGGOG CDGADGAGGCCGAAAGGCCGAA AGGGCDG 
1127 GDAAGGC CDGADGAGGCCGAAAGGCCGAA ADADGGC 

1131 DGGDGCO CDGADGAGGCCGAAAGGCCGAA AGGGADG 

1132 . ADGCDGG CDGADGAGGCCGAAAGGCCGAA AAGGDGD 

1133 GAAGCOG COGADGAGGCCGAAAGGCOGAA AGADGGA 
1137 GCGCGCO CDGADGAGGCCGAAAGGCCGAA AAGDAAA 
1140 GCDGAGG CDGADGAGGCCGAAAGGCCGAA ADGCDGG 
1153 CAAAGDO CDGADGAGGCCGAAAGGCCGAA ADGGOGC 
1158 COCADCA CDGADGAGGCCGAAAGGCCGAA AGDDGAD 

1167 GGGGGAA CDGADGAGGCCGAAAGGCCGAA ACDCADC 

1168 OGGGGGA CDGADGAGGCCGAAAGGCCGAA AACOCAJJ 

1169 ADGGGGG CDGADGAGGCCGAAAGGCCGAA AAAC0CA 

1182 DGADGOT CDGADGAGGCCGAAAGGCCGAA ACAGCAD 

1183 CDGADGG CDGADGAGGCCGAAAGGCCGAA AACAGCA 

1184 DCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGQGCC 

1187 GGCOGAG CDGADGAGGCCGAAAGGCCGAA AAGGGAC 

1188 COGCCCO CDGADGAGGCCGAAAGGCCGAA ADGGUAA 
1198 DCAGACO CDGADGAGGCCGAAAGGCCGAA AACDCCC 
1209 GAAGGOG CDGADGAGGCCGAAAGGCCGAA AGGGCDG 
1215 CGGOGCO CDGADGAGGCCGAAAGGCCGAA AGGCCAG 
1229 GCDGAGG CDGADGAGGCCGAAAGGCCGAA AGGGACC 
1237 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AGCDGGG 
1250 GAGCCDG CDGADGAGGCCGAAAGGCCGAA AGGCDGG 



SUBSTITUTE SHEET (RULE 26) 



NUC 37838 



WO 95/23225 



PCT/IB9SAW156 

234 



1268 GGGGCAG CDGADGAGGCCGAAAGGCCGAA. AGCOGGG 

1279 AGGAAGG COGADGAGCKXGAAAGGCCGAA ACCADGG 

1281 CGCAGCtJ CDG3JX2AGGCCGAAAGGCCGAA AGCCCAC 

1286 DGGGGGA. CDGADGAGGCOGAAAGSCCGAA. AACOCMJ 

1309 AGACDCG CDGABGAGGCCGAAACGCCGAA ACAGGAG 

1315 GGGUUAG CDGADGAGGCCGAAAGGCCGAA AOT3GGG 

1318 CCGGGGU COGADGAGGCCGAAAGGCCGAA AGAACUG 

1331 GA03GGG COGAIX^GGCCGAAAGGCCGAA AGGACCC 

1334 UCAGCTJ COGArK3AGGCCGAAAG?3CCGAA AGAAAAG 

1389 GGCOUCC CDGADGAGGCCGAAAGGCCGAA ACAGCGC 

U13 AGCADCA C3X3ADGAGGC03AAAGGCCGAA ACTOCAG 

1414 CAGCADC OX2AIX3AGGCCGAAAGGCCGAA AACCGCA 

1437 GCCAAGC OX^UXAGGCCGAAAGGCCGAA AGGCCCC 

1441 UGUUGCC CDGMX5AGGCX^AAAGGCCGAX AGCAAGG 

1467 GOCDGUG OX3tfJ3AGGCCGAAAGGCCGAA ACACDCC 

1468 GGOCDGD OXSADGAGGCOGAAAGGCCGAA AACACUC 
1482 GOCCACA CnSATOAGGCCGAAAGGCCGAA ADGCCAG 
I486 ACOTCOC COGADGAGGCCGAAAGGCOGAA ACCGAAG 
1494 AAACOCa QXSAOSAGGCCGAAAGGCCGAA AGOOGCC 

1500 C0GC0GA OX3ADGAGGCOGAAAGGCCGAA ACUCOGA 

1501 GCOGCOG COGADGAGGCCXSAAAGGCCGAA AACOCCG 

1502 AGCDGOJ CU3ADGAGGCCGAAAGGCCGAA AAACOCU 
1525 ACACAGG C1X3AIX3AGGCCXSAAACGCCGAA ABGCACC 
1566 OTCAGGG CDGADGAGGCCGAAAGGCCGAA ACOCCAU 
1577 CGAGOQA CtXSATOAGGCXDGAAAGGCCGAA AGCUOCA 
1579 GGCGAGO COGADGAGGCCGAAAGGCCGAA ADAGCOU 
1583 • ACCAGGC COGADGAGGCCGAAAGGCCGAA AGUOAUA 
1588 CCCUCOC COGAIXSAGGCCGAAAGGCCGAA AGGAGAG 
1622 GGGGCAG OX3AIX3AGGCCX2AAAGGCCGAA AGCUGGG 
1628 CCDACCG CDGATOAGGCCGAAAGGCCGAA AGCAGGA 
1648 CADOGGG CDGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 CDGGGCA CXX3AD5AGGCCGAAAGGOCGAA AGGOCAG 

1663 CAOCD3G COGW3GAGGCCX3AAAGGCCGAA. AGCAGAG 

1664 UCACCUG a3GATOAGGCCGAAAGGCCGAA AAGCAGA 

1665 ACCOCCG aXSaXSVGGCXXSAAAGGCCGAX AAGCGAG 

1680 GGAGGAG COGATOAGGCCGAAAGGCCGAA AGUCUUC 

1681 tXSGAGGA COGADGAGGCCGAAAGGCCGAA AAGOOKJ 
1683 AADGGAG CDGAIX2AGGCCGAAAGGCCGAA AGAAGUC 
1686 CGCAADG C0GADGAGG0O3AAAGGCCGAA AGGAGAA 
1690 UGOCCGC OXSTCAGGCCGAAAfiGmSAA ADGGAGG 

1704 AGCAGAG OXSADGAQGCCGAAAGGCCGAA AGUCCAU 

1705 GAGCAGA COGADGAGGCCC3UVAGGCCGAA AAGUCCA 
1707 AAGAGCA C0GAIX»GGOCGAAAGGCCGAA AGAAGOC 
1721 COGADCCI QX3A03AGGCCGAAAGGCCGAA ACOCAAA 
1726 AGGAGCQ COGA0GAGQCOGAAAGGCCGAA AOCUGAC 
1731 ACCOUAG OX3AIXSAGGCCGAAAGGCCGAA AGCOGAU 
1734 AGCACCU COGADGAGGCCGAAAGGCCGAA AGGAGOJ 
1754 COCDOGG OT2AOGAGGCCGAAAGGCCGAA AGCACUG 
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Table 20 

Human re! A HH Ribozyme Sequences 



nt Position HH Ribozyme Sequences 

19 UACAGAC CDGADGAGGCCGAAAGGCCGAA AGCCAUU 

22 CACUACA CDGADGAGGCCGAAAGGCCGAA ACGAGCC 

26 CGUGCAC COGADGSU3GCCGAAAGGCCGAA ACAGACG 

93 GAGGGGG CXJGAXX3AGGCOGAAAGGOIX2AA ACAGUUC 

94 DGAGGGG CTOAIX3AGGCCGAAAGGCCGAA AACAGOO 
100 GGAAGA0 CDGADGAGGCCGAAAGGCCGAA AGGGGGA 
103 CCGGGAA COGAD3AGGCCGAAAGGO0GAA ADGAGGG 

105 0GCOGGG C03AIS3AGGCCGAAAGGCCGAA AGADGAG 

106 CDGCCGG COGATOAGGCCGAAAGGCCGAA AAGADGA 
129 GGGGCCA CXJGADGAGGCCGAAAGGCCGAA AGGCCOG 
138 COCCACA CIIGA03AGG<rG3UUlGGCCGaA AGGGGCC 
148 GCOCAAD QX3AD3AGGCCGAAAGGCCGAA ADCUCCA 
151 GC0GCTC OT3ADGAGGCCGAAAGGCCGAA ADGADCO 

180 GUAGCGG COGA03AGQCOGAAAGGCCGAA AGCGCAD 

181 O30AGCG CDGADGAGGCCGAAAGGCCGAA AAGCGCA 
186 GCACOUG COGAIJ3AGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCG CTX2AIX5AGGCCGAAAGGCCGAA AGCGCCC 
217 CGCCOGG aXSUXSyGGCOSAAAGGCa^ ADGCOGC 
239 OOGGUGG OX3ADGAGGCCGAAAGGCCGAA A D C O G D G 
262 UGAUCUU COGA0GAGGGOGAAAGGCGGA& ADGGOGG 
268 AGCCADU C0GAO3AGGCO3AAAGGCCGAA ADCOOGA 
276 UCCOGOG COGAIX3AGGCCGAAAGGCCGAA AGCCADU 
301 CCAGGGA CDGADGAGGCCGAAAGGCCGAA ADGCGCA 
303 GACCAGG CDGADGAGGCCGAAAGGCCGAA AGADGCG 
310 CCOOGG0 CDGADGAGGCCGAAAGGCCGAA ACCAGGG 
323 CGGDGAG CDGADGAGGCCGAAAGGCCGAA AGGGDCC 
326 GGCCGGO CDGADGAGGCCGAAAGGCCGAA AGGAGGG 
335 UGGGGGD COGADGAGGCCGAAAGGCOGAA AQGOCGG 
349 UUCCUAC OX2AIX5AGGOOGAAAGGCCGAA AGCOCGU 
352 CCDOOCC OJGADGAGGCOSAAAGGCCGAA ACAAGCU 

375 COCADAG CDGADGAGGCCGAAAGGCCGAA AGCCADC 

376 CCDCADA CDGADGAGGCCGAAAGGCCGAA AAGCCAU 
378 AGCCOCA C0GWX5AGGCCGAAAGGCCGAA AGAAGCC 
391 CCGGGCA COGMXSAGGCXXaAAGGCCGAA AGCDCAG 
409 AACOGOG CDGADGAGGCCGAAAGGCCGAA ADGCAGC 

416 DDCDGGA aX3AZX3AGXXX33AAAGGaX5AA ACDGDGG 

417 GOOCOGG OX2AD3AGGCCGAAAGGCCGAA AACOGOG 

418 GGODCDG QX3ADGAGGCCGAAAGGCCGAA AAACDGU 
433 CACACOS CDGADGAGGCCGAAAGGCCGAA ADDCCCA 
467 DGACOGA CDGADGAGGCCGAAAGGCCGAA AGCCOGC 
469 GCOGACU CDGADGAGGCXTGAAAGGCCGAA ADAGCCU 
473 ADGCGCD CDGADGAGGCCGAAAGGCCGAA ACOGADA 
481 DGGDCDG CDGADGAGGCCGAAAGGCCGAA ADGCGCD 
501 AACUOGG CD3ADGAGGCCGAAAGGCXX5AA AGGGGUO 
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502 GAACOUG CXJGACGAGGCCGAAAGGCCGAA AAGQGGD 

508 CUADAGG CXK3A0GAGGCO2AAAGGCCGAA ACOOGGA 

509 UCUADAG OT3ADGAGGCCGAAAGGCCGAA AACUUGG 
512 UCUUCUA COGADGAGGCCGAAAG3CCGAA AGGAACD 
514 GCOCUUC COGMGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAGGOCG CDGADGAGGCCGAAAGGCCGAA AGDCCCC 
556 GGAAGCA CDGADGAGGCCGAAAGGOCGAA AGCCGCA 

561 CACCCGG CD3ADGAGGC03AAAGGCCGAA AGCAGAG 

562 UCACCDG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
585 CCOGCCCT aXSMX3AGGC0GAAAGGCO3AA AD GQ G OC 
598 GCAGGCG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GAGGAAG CDGADGAGGCCGAAAGGCCGAA ACAGGCG 
616 GADGAGG OTGADGAGGCCGAAAGGCCGAA AGGACAG ■ 
6X7 GGADGAG OTGADGAGGCCGAAAGGCCGAA AAGGACA 
620 ADGGGA0 CUGAUGAGGCCGAAAGGCCGAA AGGAAGG 
623 AAGADGG CDGADGAGGCCGAAAGGCCGAA ADGAGGA 
628 UGDCAAA CDGADGAGGCCGAAAGGCCGAA ADG3GAD 

630 ADDGDCA CDGADGAGGCO^AAAGGCCGAA AGADGGG 

631 GADDGUC CDGAD3AGG033AAAGGCCGAA AAGADGG 
638 GGGGCAC OTGADGAGGCCGAAAGGCCGAA ADDGDCA 
661 AGADOKJ CDGADGAGGCCGAAAGGCCGAA AGCOCGG 
667 CUCGGCA CDGADGAGGCCGAAAGGCCGAA ADCDDGA 
687 GCDGCCA CDGAUGA G GCCGAAAGGCCGAA AGOODCG 
700 OOQCROC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GOAGGAA CDGACGAGGCCGAAAGGCOGAA ADCOCAD 

717 CAGDAGG OT3ADGAGGCCGAAAGGCCGAA AGADCDC 

718 ACAGUAG OTGADGAGGCCGAAAGGCCGAA AAGADCD 
721 CACACAG OXSADGAGGCO^JUGGCCGAA AGGAAGA 
751 ACACCOC CDGADGAGGCCGAAAGGCCGAA ADGOOCtJ 
759 CGUGAAA CDGADGAGGCCGAAAGGCCGAA ACACCOC 

761 CCCGOGA aJGATOAGGCCGAAAGGaaGAA ADACACC 

762 UCCCGCG OT3ADGAGGCCGAAAGGCCGAA AAUACAC 

763 GOCCCGD CDGADGAGGCCGAAAGGCCGAA AAADACA 
792 CGAAAAG CToAIXsAGGCCGAAAGGCCGAA AGCCOCG 

795 UUGCGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 CUDGCGA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCDOGCG CDGADGAGGCCGAAAGGCCGAA AAAQGAG 

798 AGCDDGC OTGADGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 GGDCCGG OTGADGAGGCCGAAAGGCCGAA ACACAAD 

835 GGGOCCG COGADGAGGCGGAAAGGOCGAA AACACAA 
845 GCGDAGG CDGADGAGGCCGAAAGGCCGAA AGGGGDC 
849 GOCDGCG CDGADGAGGCCGAAAGGCCGAA AGGGAGG 
872 CGCACAG CDGADGAGGCCGAAAGGCCGAA AGCCDGC 
883 GCADGGA CDGADGAGGCCGAAAGGCCGAA ACACGCA 
885 CDGCADG CDGADGAGGCCGAAAGGCCGAA AGACACG 

905 CGGDCGG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 CCGGUCG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
919 GCDCACU CDGADGAGGCCGAAAGGCCGAA AGCDCCC 
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936 GUACUGG CDGADGAGGCCGAAAGGCCGAA ADOCCA0 

937 GGUACOG COGADGAGGCCGAAAG\3CCGAA AAUUCCA 
942 UGGCAGG QX3A3DGAGGCCGAAAGGCCGAA ACDGGAA 
953 OCGOCOG CDGAIX3&GG<XGAAAGGCCGAA ADCOSGC 
962 CGGUGAC CDGADGAGGCCGAAAGGCCGAA ADCGOCU 
965 ADCCGGU C0GAIX3AGGCCGAAAGGCCGAA ACGADCG 
973 UCOCCOC COGATX3AGGCCGAAAGGCOGAA A D OCGGP 
986 GOCCOOO OXStfXSAGGCCGAAAGGCCGAA ACSOOOC 
996 GGUCUCA OTGADGAGGCCGAAAGGCCGAA A LGUCCJ 

loos Gcacros cdgadgaggccgaaaggccgaa aggucoc 

1006 OQCDCaa COGA0GAG3CCGAAAGX3O=GAA AAGGOCT 

1015 UCOOCAD aXSVIXSACGCCGAAAGGCa^. ADGCOCU 

1028 CCGAAAG aJGADGAGGCCGAAAGGCOGAA ACUCUUC 

1031 CCGCOGA axsaixsftGGcaaAAGGcasAa. AGGACCC 

1032 DCCGCTO Q3GADGAGGCCGAAAGGCCGAA AAGGACO 

1033 GUCCGCU CDGADGAGGCCGAAAGGCX^AA AAAGGAC 
1058 CGAGGOG CDGAmAGGCCGAAAGGCCGAA AGGCCGG 
1064 ADGCGTJC 03GADGAGGCCGAAAGXKXGAA AGGUGGA 
1072 GCACAGC aXSAJOGAGGCCGAAAGGCCGAA ADGCGOC 

1082 CUGCGGG OT3AIX3AGGCCGAAAGGXXXIAA AGGGACA 

1083 GCOGOGG QXj&IXSAGGCCGAAAGGCCGAA AAGGCAC 
1092 AGAAGOJ CUGAD3AGGCCGAAAGGCCGAA AGCOGCG 

1097 GGGACAG QJGAOGAGGCCGAAAGGCCGAA AGCOGAG 

1098 GGGGACA Q3GAIX2AGGCCGAAAGGCCGAA AAGCDGA 
1102 GCOTGGG CtXSADGAGGCCGAAAGGCCGAA ACAGAAG 
1125 AAAGGGA OJGAI*2AGGCCGAAAGGCCGAA AGGGCCG 
1127 GUAAAGG COGAIXSAGGCCGAAAGGCCGAA ADAGGGC 

1131 UGACGOA COGADGAGGCOGAAAGGCCGAA AGGGADA 

1132 ADGACGU QJ3AIXSAGGCCGAAAGGCCGAA AAGGGAD 

1133 GADGACG CDGAIX2AGGCCGAAAGGCCGAA AAAGGGA 
1137 CAGGGAD COSaDCSUSGCCGAAAGGmSAA ACGUAAA 
1140 GCDCAGG OXS^GAGGCCGAAAGGCCGAA ADGACGU 
1153 CADAGOO CTOAIX3AGGCCGAAAGGCCGAA ADGGOGC 
1158 COCADCA CUGAJLP^AGGCCGAAAGGCCGAA AGUOGA0 

1167 GGOGGGA CDGADGAGGCCGAAAGGCCGAA ACDCADC 

1168 UGGUGGG CtXaAIXSAGGCCGAAAGGCCGAA AACUCAD 

1169 ADGGOGG OJGNIGABQCC^^ AAACOCA 

1182 AGAAGGA C0GaXX3&GGOCX»AAGGC^ ACACCAD 

1183 CAGAAGG OX3ADGAGGCCGAAAGGCCGAA AACACCA 

1184 CCAGAAG COGMXaGGCCTWUUSSC^ AAACACC 

1187 03CCCAG C0GADGAGX3KXGAAAGGCCGAA AGGAAAC 

1188 CUGCCCA OX3AIJGAGGCCGAAAGGCCGAA AAGGAAA 
1198 COTGGCO CDGADGAGGCCGAAAGGCCGAA ADCDGCC 
1209 CAAGGCC OX3ADGAGGCCGAAAGGCCGAA AGGCCUG 
1215 CGGGGCC CDGADGAGGCCGAAAGGCCGAA AGGCCGA 
1229 ACOOGGG COGAXXSAGGCCGAAAGGCCGAA AGGGGCC 
1237 GGGGCAG CDGADGAGGCCGAAAGGCCGAA ACOOGGG 
1250 GGGGCUG CDGADGAGGCCGAAAGGCCGAA AGCCOGG 
1268 ADGGCOG QK3A03AGGCCGAAAGGCCGAA AGCAGGG 
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1279 GAGCUGA C0GAO3AGGCCGAAAGGCCGAA ACCAUGG 

1281 CAGAGCO COGAIXSAGGCCGAAAGGCCGAA ADACCAIJ 

1286 DGGGCCA OX3ADGAGGCCGAAAGGCCGAA AGCDGAU 

1309 GGACOGG aJGADGAGGCOSAAAGGCCGAA ACAGGGG 

1315 GGGCOAG OGADGAGGCCGAAAGGCXKAA ACOGGGA 

1318 CDGGGGC CDGADGAGGCCGAAAGGCCGAA AGGACOG 

1331 GCCUGAG OJGADGAGGCCGAAAGGCCGAA AGGGCCU 

1334 ACAGCCU CQSAD3AGGCCGAAAGQCCGAA AGGAGGG 

1389 GGCCOCa C03&IXjAGGCCGAAAGGCCGAA ACAGCGU 

1413 . ADCADCA COGATCMGCCGAAAGGCCGAA ACOGCAG 

1414 CAUCADC QXaAOSAGGCOGAAAGGCOGAA AACOGCA 
1437 GCCMQC OT3ADGAGGCCGAAAGGCCGAA AGGCCCC 
1441 OGOTGCC CDGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GOCUGUG OX3AIX3AGGCaSAAAfiGCCGAA ACACAGC 

1468 GGOCOSa C03AIX3AGGCCGAAAGGCCGAA AACACAG 
1482 GUCGACG C0GAIX3AGGCOGAAAGGCCC^A ADGCCAG 
1486 AGUUGOC CD3AJLJ3AGGCOGAAAGGCCGAA ACGGADG 
1494 AAACOCG CTOAIX5AGGCCGAAAGGCCGAA AGODGOC 

1500 CDGCDGA COGAIX2AGGCCGAAAGGCCGAA ACOCGGA 

1501 GCOGCDG CTOADGAGGCCGAAAGGCOGAA AAOJOGG 

1502 AGCOGOJ C0GMX3AGGCCGAAAGGCCGAA. AAACOCG 
1525 CCACAGG OJGADGAGGCCGAAAGGXXGAA ADGCCC0 
1566 COCAGGG CCX3AD3AGGCCGAAAGGCCGAA ACDCCA0 
1577 CGAGOUA C03AOGa3GCX3GAMGGCO^ AGCCOCA 
1579 GGCGAG0 a^GATOAGGCCGAAAGGCCGAA AHAGCCtJ 
1583 ACOAGGC CDGAIX5AGGCCGAAAGGCCGAA AGOUADA 
158S CDGOCAC COGADGAGGCOSUAGGCCGAA AGGCGAG 
1622 GGAGCAG COGMX3AGGCCGAAAGGCOGAA AGCOGGG 
1628 CCCAGOG CXX5AIX3AGGCCGAAAGGCCGAA AGCAGGA 
1648 CADUGGG OJGAIX3AGGCCGAAAGGCCGAA AGCCCCG 
1660 COGAAAG C03ADGAGGOCGAAAGGCOGAA AGGCCAD 

1663 COCCOGA CTOAJDGAGGCCGAAAGGCCGAA AGGAGGC 

1664 UCUCCUG OT2ADGAGGCCGAAAGGCCGAA AAGGAGG 

1665 ADCTXa CCX2VDGAGGO0GAAAGGC0GAA AAAGGAG 

1680 GGAGGAG COGADGAGGCCGAAAGGCCGAA AGDCOOC 

1681 DGGAGGA OT3AD3AGGCCGAAAGGCCGAA AAGUCDU 
1683 AABGGAG CJ3GOTGAGGCXX3AAAGGOCGAA AGAAGDC 
1686 CGCAAOG CTCADSAGGCCGAAAGGCCGAA AGGAGAA 
1690 TOOCCGC COGAIX5AGGCCGAAAQ3CX3GAA ADGGAGG 

1704 GGOTSAG COGAXXAGGCCGAAAGGCCGAA AGOCCA0 

1705 GGGCOGA C32AD3AGGCCGAAAGGCCGAA AAGDCCA 
1707 CAGGGCa CCX3AIX3AGGCCGAAAGGCCGAA AGAAGDC 
1721 CCJGADCU CTOADGAGGOCGAAAGGCCGAA ACDCAGC 
1726 AGGAGCtf OXSAIXSAGGCXGAAAGGCCGAA ADGOGAC 
1731 CCCDUAG COGAIX3AGGCCGAAAGGCOGAA AGCOGAU 
1734 ACCCCOJ CDGAD3AGGCCGAAAGGCCGAA AGGAGCU 
1754 CDCUGGG CDGADGAGGOOGAAAGGCCGAA AGGGCAG 
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Table 23: Human TNF-cc HH Ribozyme Target Sequence 



at. 


EH Target Sequence 


Position 




28 


GGCAGOT U OJOJUCC 


29 


gcaggoq c uuuuccu 


31 


AGGUUOJ C UXXUCU 


33 


GUUCUOJ D ccococa 










39 


uoccoca C ACADACCJ 


44 


C0CACA7J A C33ACCC 


58 


CACGGOJ C CACCCUC 


65 


ccAccca c ucoaccc 


67 


ACCCUL1) C UOCCCOG 






106 


GCADGAJJ C CGGGACG 


136 


AGGCGCa C CCCAAGA 


165 


CAGGGC0 C CAGGCGG 


177 


CGGUGCU U GUOOCOC 


180 


ugcuugu u ccocagc 


181 


GCUUAJU C CUCAGCC 


. 184 


uuuuoju c Aficcoca 


190 


dcagccu c oocacca 


192 


AGCctXAJf U i^OCCJtkj 


193 




195 




198 


TOCDCCO TJ CCCGADC 


199 


ucucaru c cogadcg 


205 


UCCDGAU C GDGGCAG 


226 


CCACGCtf C UUCOGCC 


228 


ACGcaca u cogccog 


229 


CGCUCUU C XX5OC0GC 


243 


COGCACO U U3GAGTO 


244 


uccAcaa u ggagoga 


253 


GAGOGA0 C GGCCCCC 


273 


GAAGAGa C CCCCAGG 


286 


GGGACC0 C UCUCUAA 


288 


GACCUCU C DCDAADC 


290 


CCUCUCU C UAAECAG 


292 


DCDCOCO A A0CAGCC 


295 


COCOAAU C AGOOCOC 


302 


CAGCCCa C UGGCCCA 



nt. HH Target Sequence 
Position 



321 


GOCAGA0 


C 


AUCUUOJ 


324 


AGADCA0 


C 




326 


ADCADCU 


TJ 


CCOGAAC 


327 


UCADCDa 


c 


OCGAACC 


329 


ADCGOOT 


C 


GAACCCC 


352 


AGCCUGU 


A 


GCOCADG 


361 


OCCADGU 


u 


GUAGCAA 


364 


ADGOOGa 


A 


GCAAACC 


374 


AAACCCU 


c 


AAGCUGA 


391 
421 


GGCAGCU 


c 


CAGOGGC 


ADGOCCU 


c 


COGGOCA 


449 


GAGAGAD 


A 


ACCAGC0 


468 


GOGCCAU 


c 


AGAGGGC 


480 


GGCCUGU 


A 


CCOCAEC 


484 


OGOACCa 


C 


ADCUACCT 


487 


ACCDCAU 


c 


oaoxcc 


489 


COCADCU 


A 


CDCCCAG 


492 


ADCUACU 


C 


CCAGGOC 


499 


CCCAGOT 


c 


OA^UUA 


502 


AGGOCCa 


c 


UUCAAGG 


504 


Goccoca 


u 


CAAGGGC 


505 


DCCOCOO 


c 


AAGGGCC 


525 


ogcoccd 


c 


CAcccAn 


538 


ADGOGCU 


c 


COCAOCC 


541 


oscocca 


c 


ACCCACA 


553 


ACACCAU 


c 


AGCXGCA 


562 


GCOGCAU 


c 


UCUGUOJ 


568 


UCGCCOT 


c 


UCCQACC 


570 




c 


CQACCAG 


573 


GUCOCCD 


A 


CCAGACC 


586 


CCAAGGU 


c 


AACCOCC 


592 
59S 


UCAACOJ 


c 


CUCUCUG 


ACCUCCU 


c 


DC0GCCA 


597 




c 


CGCCADC 


604 


CCGCCAU 


c 


AAGAGCC 


657 


CCCOGGQT 


A 


TJGAGCCC 


667 


AGCCCAD 


C 


UADCUGG 


669 


CCCADCU 


A 


OCCGGGA 
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O /i 


f*at IT 'l 1ATT C WEGSkGG 


960 


oo2 




1001 


684 






685 






709 




1071 


721 






725 






7J5 






/ J / 


rr:irnan r* oogacijIT 


1047 


/J J 


ALUAUvU V«- \a**fc-ii/Wv#v* 


1051 


744 


CUCGACU U OGOOGAG 


1060 


745 


0CGAC00 U GCCGAGU 


1067 


753 


GCCGAG0 C OGGSCAG 


1085 


763 


GGCAGG0 C UACUUUG 


1086 


765 


CAGGOCU A uuuUGGG 


1090 


768 


GUCUAC0 0 UGGGADC 


1091 


769 


UCUACOG 0 GGGADCA 


1113 


775 


TjnGGGAD C AUUQOOC 


1124 


779 


GGADCA0 U (JCJUL3JUJ 


1129 


RQ1 




1135 


AHA 


rraarrTT u CDCAAAC 


1151 




raACCOCT C CCAAACG 


1152 


ft7n 




1158 






1159 


A17 




1162 


838 




1164 


839 




1166 


841 


CLTJUUAD U ACCCCCU 


1174 


842 


CUUUADU A CCCOCOC 


1175 


849 




1176 


RS3 


rrrrjrrn n cagacac 


1XQJ 


RSI 

OJJ 






QfTi 

ooo 




JJLO / 






Xxuo 


O /l 












O /O 
















1233 


899 


GGGGCL70 A GGGOCGG 


1234 


904 


UUAGGG0 C GGAACCC 


1238 


917 


CCAAGCU U AGAACUU 


1239 


918 


CAAGCTO A GAACUUU 


1245 


924 


UAGAAC0 U UAAGCAA 


1251 


925 


AGAACOU 0 AAGCAAC 


1252 


926 


GAACUUU A AGCAACA 


1254 


945 


CACCAOJ U CGAAACC 


1255 


946 


ACCACD0 C GAAACCU 


1256 


959 


CDGGGA0 U CAGGAAU 


1258 



CGGGADU C AGGAADG 
AACCACU A AGAADDC 
UAAGAAU 0 CAAACOG 
AAGAAOT C AAACOGG 
GGGGCCU C CAGAACU 
CAGAAOJ C ACOGGGG 
GGGGCCU A CAGCDOa 
UACAGCU U DGADCCC 
ACAGCUa U GAUCCCU 
CGUOGAU C CCOGACA 
O^aCAIJ C OSGAADC 
COGGAAU C UGGAGAC 
GGAGCCU U UGGODCa 
GAGCCDU a GGD0C0G 
COOOGGU 0 CCGGCCA 
OO0GG00 C 0G30CA6 
CAGGAC0 0 GAGAAGA 
AAGACC0 C ACCQAGA 
C0CACC0 A GAAADOG 
UAGAAAU 0 GACACAA 
0GGACC0 0 AGGCCD0 
GGAOCO0 A GGCCOOC 
0AGGCC0 0 CCOCDC0 
AGGCCUU C CDC0CDC 
OCCOCC0 C 0COCCAG 
0OCCOC0 C UCCAGA0 
CC0COC0 C CAGADG0 
CAGADG0 0 CCCAGAC 
AGA0G00 0 CCAGAC0 
GAUOJUU C CAGACD0 
CCAGACU 0 CCDtXSAG 
CAGACO0 C C00GAGA 
ACDOCC0 0 GAGACAC 
CAGCCC0 C CCCADGG 
GCCAGC0 C CCOCOA0 
GC0OCC0 C 0AETOAIJ 
0CCCDC0 A UUUAUUU 
CCOCOAU 0 CADGOUO 
C0CXIR00 0 ADGODDG 
UCUADUU A DGDOUGC 
UUUAUGU 0 0GCACU0 
0QADG00 0 GCACODG 
HOGCAC0 0 GUGA0QA 
0OGOSA0 0 ADDOA00 
0GDGAD0 A CUUAUUA 
tXSADOAn 0 UAIKJADO 
GA00A00 0 AUUAUOU 
A0UAD00 A XjOAHUUA 
UADUOAU 0 AUUOADU 
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1259 


AUUUAUU A UuUauuu 


1440 


UGUUUUU U AAAAUAU 


1261 


UUAUUAU U UAUuuAU 


1441 


GCUUUUU A AAAUAUU 


1262 


UAJJUAXJU U ADUUADU 


1446 


UUAAAAU A UUADCUG 


1263 


AUUAUUU A UUUAUUA 


1448 


AAAAUAU U AUCUGAU 


1265 


UAUUUAU U UAUUADU 


1449 


AAAUAUU A UCCGAUU 


1266 


AUUUAUU U AUUAuuu 


1451 


AUAUUAU C UGAUUAA 


1267 


UUUAUUU A UUAUUUA 


1456 


AUCUGAU U AAGUUGU 


1269 


UAUUUAU U AUUUAUU 


1457 


UCUGAUU A AGUUGUC 


1270 


AUUUAUU A UUUAUUU 


1461 


AUUAAGU U GUCUAAA 


1272 


UUAUUAU U UAUUUAU 


1464 


AAGUCGU C UAAACAA 


1273 


UAUUAUU U AUUUAUU 


1466 


GUUAiCU A AACAAUG 


1274 


AUUAUUU A UUUAUUU 


1479 


CGCUGAU U GGGUGAC 


1276 


UAUUUAU 0 UAUUUAC 


1480 


GCCGAUU U GGCGACC 


1277 


AUUUAUU U AuUUACA 


1494 


CAACUGU c acucauu 


1278 


UUUAUUU A UUUACAG 


1498 


UGUCACU C AUCGCUG 


1280 


UAUUUAU U UACAGAU 


1501 


CACUCAU U GCCGAGG 


1281 


AUUUAUU U ACAGADG 


1512 


GAGGCCU C UGCUCOL' 


1282 
1294 
1296 


UUUAUUU A CAGAUGA 
UGAADGU A UUUAUUU 


1517 
1528 
1533 
1537 




AAUGUAU XT UADUUGG 


GUUGUGU C UGUAADC 


1291 


AUGUAUU U AUUUGGG 


UGUCUGD A ADGGGCC 




UUUAUUU A UUUG3C5A 


1540 






mnunAiJ u ugggaca 


1546 


VJCGGcan a rimgyv 


lJul 


AT JUT TAUT! T7 GGGAGAC * 


1549 


fWTTAfTT A LRU *af".3 VI 






1551 
1552 




1717 


freSGnATT C CTJ3SGGS 


U-fiv-UAUU U **L*Cajnjv-vj 






1566 


(TanaaaTT a aara^rirvi 


1345 


GCDGCCU n GGCDCAG 


1572 




1350 


CUUGGCU C AGACACG 


1576 




1359 


GACAUGU U UUCCGUG 


1577 




1360 


ACAUGUU U UCOGUGA 






1361 


CAUGUUU U CCGUGAA 






1362 


AUGUUUU C CGUGAAA 






1386 


GAACAAU A GGCUGUU 




- 


1393 


AGGCUGU U CCCADGU 






1394 


GGCUGUU C CCADGUA 






1401 


CCCADGU A GCCCCCU 






1414 


COGGCCU C UG0GCCU 






1422 


UGUGCCU U CUUUUGA 






1423 


GUGCCUU C UUUUGAU 






1425 


GCCUUCU U UOGAUUA 






1426 


CCUUCDU U UGAUUAU 






1427 


CUUCUUU U GAUUAUG 






1431 


UUUUGAU U AUGUOUU 






1432 


UUUGADU A UGUUUUU 






1436 


AUUAUGU U UuUuAAA 






1437 


UUAUGUU U UUUAAAA 






1438 


UAUGUUU U UUAAAAU 
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Table 24: Human TNF-a Hammerhead Ribozyme Sequences 



. nt. HH Ribozyme Sequence 

Position 

28 GGAAGAG CCK3ADGAGGCCGAAAGGCCGAA ACCUGCC 

29 AGGAAGA CIX^AIXSAGGCCGAAAGGCCGAA. AACCOGC 
31 AGAGGAA <XGADGAGGCCGAAAGGCCGAA AGAACCO 

33 CGAGAGG CtXaACGAGGCCGAAAGGCCGAA AGAGAAC 

34 GUGAGAG COGADSAGGCOGAAAGGCCGAA AAGAGAA 
37 UADGOGA CDGAD3AGGCCGAAAGGCCGAA AGGAAGA 
39 AGUAUGtf CBGADGAGGCCGAAAGGCCGAA AGAGGAA 
44 GGGOCAG CCX2ADGAGGCCGAAAGGCCGAA. AOGOGAG 
58 GAGGGUG COC30OGAGGCCGAAAGGCCGAA AGCCGOG 
65 GGGGAGA QXSADGAGGCCGAAAGGCCGAA AGGGOGG 
67 CAGGGGA CDGADGAGGCCGAAAGGCCGAA AGAGGOT 
69 UCCAGGG CTGADGAGGCCGAAAGGCCGAA AGAGAGG 

106 CGOCCCG C0GAIX3AGGCCGAAAGGCCGAA ADCADGC 

136 UCUUGGG COGADGAGGCCGAAAGGCCGAA AGCGCCU 

165 CCGCCOG CIX3ADGAGGCCGAAAGGCCGAA AGCCCDG 

177 GAGGAAC OK3ADGAGGCa»AAGGCCGAA AGCACCG 

130 GCOGAGG COGADGAGGCCGAAAGGCQGAA ACAAGCA 

181 GGCOGAG CT3GAIX3AGGCCEAAAGGCCGAA AACAAGC 

184 AGAGGCa COGADGAGGCCXSAAAGGCCGAA AGGAACA 

190 AGGAGAA COGADGAGGCCGAAAGGCOGAA AGGCD3A 

192 GAAGGAG CUGAUGAGGCCGAAAGGCCGAA AGAGGC0 

193 GGAAGGA C0GAO3AGGCCGAAAGGCCGAA AAGAGGC 
195 CAGGAAG COGADGAGGCCGAAAGGCOGAA AGAAGAG 

198 GADCAGG C0GAO3AGGCCGAAAGGCCGAA AGGAGAA 

199 CGADCAG C0GAIJ3AGGCCGAAAGGCCGAA AAGGAGA 
205 COGCCAC C0GAB3AGGCOGAAAGGCCGAA ADCAGGA 
226 GGCAGAA COGATR3AGGCCGAAAGGCCGAA AGCGOGG 

228 CAGGCAG COGADGAGGCCGAAAGGCOGAA AGAGCGO 

229 GCAGGCA COGADGAGGCCGAAAGGCOGAA AAGAGCG 

243 CACOCCA COGADGAGGCCGAAAGGCOGAA AGUGCAG 

244 OCACDCC COGADGAGGCCGAAAGGCOGAA. AAGOGCA 
253 GGGGGCC OT3AIX2AGGCOGAAAGGCCGAA ADCACDC 
273 CCD3GGG C0GAD3AGGOCGAAAGGCCGAA ACOCOOC 
286 UOAGAGA COGAD3AGGCCGAAAGGCCGAA AGGOCCC 
288 GADUAGA COGADGAGGCCGAAAGGCOGAA. AGAGGDC 
290 COGADUA COGADGAGGCCGAAAGGCOGAA AGAGAGG 
292 GGCOGAU C0^13GAGGCCG3^JGGCCGAA AGAGAGA 
295 GAGGGCO COGADGAGGCCGAAAGGCOGAA, ADDAGAG 
302 DGGGCCA COGAOGAGGCCGAAAGGCCGAA AGGGCOG 
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321 AGAAGAD CDGAIX5AGGCCGAAAGGCCGAA ADCOGAC 

324 OCGAGAA OX33«3GAGGCCGAAAGGCCGAA A D GAUCJ 

326 GUOCGAG COGATOAGGCCGAAAGGCCGAA AGADGAU 

327 GGOUCGA CTGADGAGGCCGAAAGGCCGAA AAGADGA 
329 GGGGUOC CDGADGAGGCCGAAAGGCCGAA AGAAGAtf 
352 CADGGGC CXX3ATOAGGCCGAAAGGCCGAA ACAGGCQ 
361 UOGCUAC aX3MXSU3GCO3AAAGGC0GAA ACADGGG 

" 364 GGUUOGC CGGAtXSVGGCGSAAAGGCCGAA ACAACAU 

374 DCAGCOa aXSVTOAGGCOSAAAGGCCGAA AGGGOGU 

391 GCCACOG COGATOAGGCCGAAAGGCCGAA AGCOGCC 

421 OGGCCAG OX3«X3AGCXX33AAAGGCCGaA AGGGCAU 

449 AGCGGG3 CTGADGAGGCCGAAAGGCCGAA ADCOCOC 

468 GCCa3CCT CTCAIX3AGGCCGAAAGGCCGAA ADGGCAC 

480 GADGAGG COGMJGAGGCCGAAAGGCCGAA ACAGGCC 

484 AGOAGA0 OX3A03AGGCCGAAAGGCCGAA AGGOACA 

487 GGGAGUA OX2UX2AGGCCGAAJVGGCCGAA ADGAGGJ 

489 CUGGGAG CXJGADGAGGCCGAAAGGCCGAA AGADGAG 

492 GACCUGG CGGAD3AGGCCGAAAGGCCGAA AGUAGAIJ 

499 UGAAGAG OXS^DGAGGCCGAAAGGCXXSAA ACCDGGG 

502 CCOCGAA CDGMX3AGGCOGAAAGGOCGAA AGGAOCCT 

504 GCCCDOG CXJGADGAGGCX3GAAAGSCCGAA AGAGGAC 

505 GGCCCOT COGAIX3AGGOCGAAAGGCCGAA AAGAGGA 
525 A1JGGGUG COGMJGAGGCCGAAAGQCCGAA AGGGGCA 
538 GGGOGAG CtRGADGAGGCCGAAAGGCCGAA AGCACAU 
541 UGOGGG0 COGADGAGGCCGAAAGGCCGAA AGGAGCA 
553 DGCGGCa CUGADGAGGCCGAAAGGCCGAA ADGGOGO" 

562 AGACGQC CUGAEGAGGCCGAAAGGCCGAA ADGCGGC 

563 GGOAGGA CDGAIX2RGGCCGAAAGGCCGAA ACGGCGA 
570 CCGGUAG CX3GAIX3AGGCCGAAAGGCCGAA AGACGGC 
573 GGDCOGG COGADGAGGCCGAAAGGCCGAA AGGSGAC 
586 GGAGGOT OKAIXaGGCCGAAAGGCCGAA ACCOUGG 
592 CAGAGAG COGAIX3AGGCCGAAAGGCCGAA AGGOOGA 
595 OGGCAGA CT3GADGAGGCXXSAAAGGCCGAA AGGAGOT 
597 GAD3GCA aXSADGAGGCaSAAAGGCOSAA AGAGGAG 
604 GGCDCOa OT3ADGAGGCXGAAAGGCCGAA ADGGCAG 
657 GGGCOCA OTGAIX3AGGCCGAAAQGCCGAA ACCAGGG 
667 CCAGADA CIK3AL«AGGCCGAAAGGCCGAA ADGGGCCT 
669 UCCCAGA Q3GATOAGGCCGAAAGGOCGAA AGADGGG 
671 CCDCCCA COGAIXSAGGCCGAAAGGCOGAA AUAGADG 
682 GC0GGAA COGADGAGGCCGAAAGGCCGAA ACCCCDC 

684 CAGOX3G C0GAO3AGGCCGAAAGGCCGAA AGACCCC 

685 CCAGCDG CUGAIX3AGGCCGAAAGGCCGAA AAGACCC 
709 CAGCGOJ CDGA03AGGCOGAAAGGCCGAA AGDCGGU 
721 GCCGADQ CUGAIX3AGGCCGAAAGGCCGAA ADCDCAG 
725 tJCGGGCC QX3AIX3AGGCCGAAAGGCCGAA AJJUGADC 
735 GDCGAGA CX3GADGAGGCCGAAAGGCCGAA AGUCGGG 
737 AAGOCGA CCGAD3AGGCCGAAAGGCOGAA ADAGOCG 
739 CAAAG0C COGAEK3AGGCCGAAAGGCCGAA AGADAGU 
744 COCGGCA COGADGAGGCCGAAAGGCCGAA AGDCGAG 
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745 ACOCGGC CUGALKAGGCCGAAAGGCCGAA AAGUCGA 

753 COGCCCA OX3AIX3AGGCCGAAAGGCCGAA ACOCGGC 

763 CAAAGQA aXSADGAGGCCGAAAGGCCGAA ACCOGCC 

. 765 CCCAAAG COSAD3AGGCCGAAAGGCCGAA AGACCUG 

768 GADCCCA COGADGAGGCCGAAAGGCCGAA AGUAGAC 

769 OGADCCC COGAIX2AGGCCGAAAGGCCGAA AAGUAGA 
775 GGGCAAU OJGADGAGGCCGAAAGGCCGAA ADCCCAA 
778 ACAGGGC COGMGAGGCCGAAAGGCCGAA AEGADCC 
801 AAGGUUG COGADGAGGCCGAAAGGCCGAA ADGUUCG 

808 GUUDGGG OJGADGAGGCCGAAAGGCCGAA AGGUUGG 

809 CG OO O GS CUGATOAGGCCGAAAGGCCGAA AAGGUUG 
820 GGCAGGG COGADGAGGCCGAAAGGCCGAA AGSCGUD 
833 AEAAAGG COGADGAGGCCGAAAGGCCGAA ADCGGGG 

837 GGOAADA CDGAD3AGGCCGAAAGGCCGAA AGGGAUU 

838 GGGOAA0 COGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGOAA COGADGAGGCCGAAAGGCCGAA AAAGGGA 

841 AGGGGGU OTGADGAOXXGAAAGGCCGAA ADAAAGG 

842 GAGGGGG OTSAD3AGGCCGAAAGGCCGAA AADAAAG 
849 UCOGAAG COSADaAQGCQGAAAGGCCGAA AGGGGGU 

852 GUGUCOG OTGATOAGGCCGAAAGGCCGAA AGGAGGG 

853 GGOGDCU OT3AD3AGGCCGAAAGGCCGAA AAGSAGG 
863 AGAGGOU COGADGAGGCCGAAAGGCCGAA AG G GUGU 
869 GCCAGAA COGADGAGGCCGAAAGGCCGAA AGGUOGA 

871 GAGCCAG COGADGAGGCCGAAAGGCCGAA AGAGGOO 

872 UGAGCCA COGADGAGGCCGAAAGGCCGAA AAGAGGU 
878 UCUUUUU COGADGAGGCCGAAAGGCCGAA AGCCAGA 
890 AGCCCCC COGADGAGGCCGAAAGGCCGAA AUUCUCU 

898 cgaccco axsmacmxEWuusGca^ AGCCCCC - 

899 CCGACCC OTGMX3AGGCCGAAAGGCCGAA AAGCCCC 
904 GGGUOCC COGADGAGGCCGAAAGGCCGAA ACCCOAA 

917 AAGOOCQT OTGAD3AGGCCGAAAGGCCGAA AGCOOGG 

918 AAAGUOC COGADGAGGCCGAAAGGCCGAA AAGCUUG 

924 UOGCOOA COGADGAGGCCGAAAGGCCGAA AGOUCUA 

925 GUUUCUU COGADGAGGCCGAAAGGCCGAA AAGOOCU 

926 OGOOGCO COGADGAGGCCGAAAGGCCGAA AAAGOOC 

945 GGUUUCG COGAD3AGGCCGAAAGGCCGAA AGOGGCG 

946 AGGOUOC COGADGAGGCCGAAAGGCCGAA AAGCGGQ 

959 AUDCCDG COGADGAGGCCGAAAGGCCGAA ADCCCAG 

960 CADDCCO COGADGAGGCCGAAAGGCCGAA AADCCCA 
1001 GAADOCO COGADGAGGCCGAAAGGCCGAA AGOGGUU 

1007 CAGUUOG COGADGAGGCCGAAAGGCCGAA ADOCODA 

1008 CCAGUUU COGADGAGGCCGAAAGGCCGAA AADUCUU 
1021 AGOOOT3 COGADGAGGCCGAAAGGCCGAA AGGCCCC 
1029 CCCCAGO COGADGAGGCCGAAAGGCCGAA AGUUCUG 
1040 AAAGCOG COGADGAGGCCGAAAGGCCGAA AGGCCCC 

1046 GGGADCA COGADGAGGCCGAAAGGCCGAA AGCOGUA 

1047 AGGGADC COGADGAGGCCGAAAGGCCGAA AAGCGGU 
1051 OGOCAGG COGADGAGGCCGAAAGGCCGAA ADCAAAG 
1060 GADOCCA COGADGAGGCCGAAAGGCCGAA ADGOCAG 
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1067 GOCOCCA OX3ADGAGGCCGAAAGGCCGAA ADOCCAG 

1085 AGAACCA OX»I?SAGGCCGAAAGGCXX^ AGGCOCC 

1086 CAGAACC CTGAIX3AGGCCGAAAGGCCGAA AAGGCOC 

1090 OGGCCAG COGATOAGGCCGAAAGGCCGAA AGCAAAG 

1091 COGGCCA OT3ATOAGGCCGAAAGGOOGAA AACCAAA 
1113 OCOOCOC C03A03AGGCCGAAA£3GCCGAA AGOCCOG 
1124 UCUAGGO C0GMX3AGGCCGAAAGGCCGAA AGGOCOO 
1129 CAADOUC COGADGAGGCCGAAAGGCCGAA AGGOGAG 
1135 UOGUG0C COGSUXSAGGCCGAAAGGCCGAA AUUUCUA 

1151 AAGGCCU CDGAIXSU3GCCGAAAGGCCGAA AGGOCCA 

1152 GAAGGCC OXSUX2AGGCCGAAAGGCCGAA AAGGOCC 

1158 AGAGAGG CXX3ATOAGGCCGAAAGGCCGAA AGGCCU A 

1159 GAGAGAG COGADGAGGCCGAAAGGCCGAA AAGGCCU 
1162 COGGAGA CtXSAIXsAGGCCGAAAGGCCGAA AGGAAGG 
1164 ADCOGGA CD3AD3AGGCCGAAAGGCOGAA AGAGGAA 
1166 ACADCOG COGATOAGGCCGAAAGGCCGAA AGAGAGG 

1174 GOCOGGA OX3UX3AGGCCGAAAGGCCGAA ACADCOG 

1175 AGOCOGG COSACT2AGGGCGAAAGGCCGAA AACADOT 

1176 AAGOCOG OX3ADGAGGCCGAAAGGCCGAA AAACADC 

1183 COCAAGG COGMJ3AGGCCGAAAGGCCGAA AGOCOGG 

1184 OCDCAAG COGAIX3AGGOCGAAAGGCCGAA AAGOCOG 
1187 GCGDCOC OX3AIX3aGGCCGAAAGGCCGAA AGGAAGU 
1208 CCADGGG CT3ADGAGGQ3GAAAGGCCGAA AGGGCDG 
1224 ADAGAGG COGAIX3AGGCCGAAAGGCCGAA AGCOGGC 
1228 ADAAADA COGATOAGGCCGAAAGGCCGAA AGGGAGC 
1230 AGtfJAAA OX3ADGAGGCCGAAAGGCCGAA AGAGGGA 

1232 AAACAUA C0GADC21GGC0G«UU\G3CCGAA ADAGAGG 

1233 CAAACAXJ COGaTOAGGCOGAAAGGCCGAA AADAGAG 

1234 GCAAACA 03GATOAGGCCGAAAGGCCGAA AAAUAGA 

1238 AAGB3CA Or3tfX»GGCCGAAAGGCCnAA ACADAAA 

1239 CAAGOGC COGAIX3AGGCCGAAAGGCCGAA AACADAA 
1245 UAADCAC OT3AIX3AGGCCGAAAGGCCGAA AGOGCAA 

1251 AADAAAD OTSA03AGGCCGAAAGGCCGAA ADCACAA 

1252 UAADAAA C0GAO3AGGCCGAAAGGCCGAA AADCACA 

1254 AADAADA C0GAO3AGGCCGAAAGGCCGAA ADAADCA 

1255 AAADAAD C0GAD3AGGCCGAAAGGCCGAA. AADAADC 

1256 UAAADAA OX3ADGAGGCCGAAAGGCCGAA AAADAAU 

1258 AADAAAU C0GAD3AGGCCGAAAGGCCGAA ADAAADA 

1259 AAADAAA OT3AOTAGGCCGAAAGGCCGAA AADAAAIJ 

1261 ADAAADA COGAIX3AGGCOGAAAGGCOGAA ADAADAA 

1262 AADAAAD COGADGAGGCCGAAAGGCOGAA AADAADA 

1263 DAADAAA COGADGAGGCCGAAAGGCCGAA AAADAAU 

1265 AADAADA CT3AD3AGGCCGAAAGGCCGAA ADAAADA 

1266 AAADAA0 COGATOAGGCCGAAAGGCCGAA AADAAAIJ 

1267 DAAADAA CtX3AB3AGGCCGAAAGGCCGAA AAADAAA 

1269 AADAAAIJ COGADGAGGCCGAAAGGCCGAA ADAAADA 

1270 AAADAAA COGADGAGGCCGAAAGGCCGAA AADAAAIJ 

1272 ADAAADA COGA03AGGCCGAAAGGCCGAA ADAADAA 

1273 AAHAAAU COGA03AGGCCGAAAGGCCGAA AADAADA 
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1274 AAADAAA OX3ADGAGGCCGAAAGGCCGAA AAADAAD 

1276 GOAAADA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1277 OGUAAAU OTGADGAGGCCGAAAGGCCGAA AADAAAD 

1278 CCGOAAA COGADGAGGCCGAAAGGCCGAA AAADAAA 

1280 AOCOGUA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1281 CADCDGO COGADGAGGCCGAAAGGCCGAA AADAAAD 

1282 OCADCUG OXSADGAGGCCGAAAGGCCGAA AAADAAA 
1294 AAADAAA OTGADGAGGCCGAAAGGCCGAA ACADOCA 

1296 CCAAAOA aXSATOAGGCCGAAAGGOOGAA ADACADU 

1297 CCCAAAD OX^VOGAGGCCGAAAGGCCGAA AADACAD 

1298 OCCCAAA OTSADGAGGCCGAAAGGCCGAA AAADACA 

1300 OCCCCCA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1301 G O CUCCC COSADGAGGCCGAJUU3GCCGAA AADAAAD 
1315 CCCAGGA COGADGAGGCCGAAAGGCCGAA ACQCCGG 
1317 CCCCCAG COGADGAGGCCGAAAGGCCGAA ADACCCC 
1334 CAGCOCC OX2ADGAGGCCGAAAGGCCGAA ACADOGG 
1345 CCGAGCC OTSADGAGGCCGAAAGGCCGAA AGGCAGC 
1350 CADGUCU COGADGAGGCCGAAAGGCCGAA AGCCAAG 

1359 CACGGAA COGADGAGGCCGAAAGGCCGAA AOUX30C 

1360 OCACGGA COGADGAGGCCGAAAGGCCGAA AACADGO 

1361 UUCACGG <XGAtf3AGGC03AAAJ3GCCGAA AAACADG 

1362 OUOCACG COGADGAGGCCGAAAGGCCGAA AAAACAD 
1386 AACAGCC OXaADG&GGCCGAAAGGCOGAA ADOGOOC 

1393 ACADGGG COGATOAGC^XGAAAGGOOGAA ACAGCCO 

1394 " UACAOGG COGADGAGGCCGAAAGGCCGAA AACAGCC 
1401 AGGGGGC COGADGAGGCCGAAAGGCCGAA ACADGGG 
1414 AGGCACA COGAD3AGGCCGAAAGGCCGAA AGGCCAG 

1422 OCAAAAG OTGADGAGGCCGAAAGGCCGAA AGGCACA 

1423 ADCAAAA CDGADGAGGCCGAAAGGCCGAA AAGGCAC 

1425 UAADCAA COGADGAGGCCGAAAGGCCGAA AGAAGGC 

1426 ADAADCA COGADGAGGCCGAAAGGCCGAA AAGAAGG 

1427 CADAADC COGADGAGGCCGAAAGGCCGAA AAAGAAG 

1431 AAAACAXJ COGADGAGGCCGAAAGGCCGAA ADCAAAA 

1432 AAAAACA OTGADGAGGCCGAAAGGCCGAA AADCAAA 

1436 OODAAAA COGADGAGGCCGAAAGGCCGAA ACADAAU 

1437 UOOQAAA CD3AD3AGGCCGAAAGGCCGAA AACADAA 

1438 ADUUUAA COGADGAGGCCGAAAGGCCGAA AAACADA 

1439 UADOODA CTGAD5AGGC OGA AAGGCCGAA AAAACAXJ 

1440 ADADDOO COGAD3AGGCCGAAAGGGCGAA AAAAACA 

1441 AADADOO COGADGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGADAA COGADGAGGCCGAAAGGCCGAA ADOOQAA 

1448 ADCAGAU COGADGAGGCCGAAAGGCCGAA AD MJOOO 

1449 AAOCAGA COGADGAGGCCGAAAGGCCGAA AADADOU 
1451 UUAAOCA COGADGAGGCCGAAAGGCCGAA ADAADAD 

1456 ACAACUO C03AD3AGGCCGAAAGGCCGAA ADCAGAU 

1457 GACAACU COGADGAGGCCGAAAGGCCGAA AADCAGA 
1461 OUOAGAC C0GAIX2AGGCCGAAAGGCCGAA ACDOAAU 
1464 UOGUUUA COGADGAGGCCGAAAGGCCGAA ACAACOU 
1466 CADOGOO COGADGAGGCCGAAAGGCCGAA AGACAAC 
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1479 GOCACCA CUGAjDGAGGCCGAAAGGCCGAA AUCAGCA 

1480 GGOCACC COGATOAGGCCGAAAGGCCGAA. AAOCAGC 
1494 AAUGAGU CDGATOAGGCXXSAAAGGCOGAA ACAGOOG 
1498 CAGCAAU CTOADGAGGCCGAAAGGCCGAA AGOGACA 
1501 CCOCAGC CUGADGAGGCCGAAAGGCCGAA AUGAGUG 
1512 GGGAGCA CXJGMXaCGCCGAAAGGXTGAA AGGCCCC 
1517 CCCOGGG OXSU3GAGGCCGAAAGGCCGAA AGCAGAG 
1528 CftGACAC COGATOAGGCCGAAAGGCCGAA ACOCCOT 
1533 GAUUACA aX3ATOAGGCCGAAAGGCCGAA ACACAAC 
1537 GGCCGMJ COGOTGaOGCCGAAAGGaXAA ACAGACA 
1540 GUAGGCC CDGAIX3AGGCCGAAAGGCCGAA ADUACAG 
1546 UGAADAG CTOADGAGXXXX3AAAGGCCGAA AGGCCGA 
1549 CACOGAA CtX3AIX5AGGCCGAAAGGCCGAA AGQAGGC 

1551 GCCACDG CUGADGAGGCaSAAAGOXGAA ADAGDAG 

1552 CGCCACa OX3AIJ3AGGCCGAAAGGCCGAA AADAGDA 
1566 CAACCOa CtK3AIX3AG<XX3GAAAGGCCGAA ADOOCOC 
1572 CCOAAGC OTSAXXSUSGCCGAAAGGCCG^ AOCODOA 

1576 COOUCCCT COGAIX3AGGCCX2AAAGGCQGAA agcaacc 

1577 DCOUOCC CO3AJ0Ga£K3CCGAAAGGCCGAA AAGC&AC 
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Table 25: Mouse TNF-a HH Target Sequences 



at* HH Target Sequence nt« HH Target Se<juence 
Position Position 



66 


DgGAAAD a GcucCcA 


324 


GgGO3A0 C GGuCCCC 


101 


GGCAGG0 0 COgOcCC 


347 


GAGAagU u cCCAaaU 


101 


GGCAGgU u CuGOccC 


364 


CCOCcCD C OcADCAG 


102 


GCAGGOD C DgOeCCD 


365 


OCcCOCD c ADCAGuu. 


102 


gCAGg00 c ugOOCCa 


365 


UcCCCCQ C auCAGuD 


106 


GUDCDgU C CCDuOCA 


369 


CDOTcAD C AGuuCOa 


no 


0g0cCC0 U OCACucA 


376 


CAGuuCU a DGGCCCA 


in 


gOCcOTO U CaCDCAC 


390 


AgACCCO C AcaCOcA 


m 


guCCCMU u CACuCAc 


396 


ucaCAc0 C AGADCA0 


112 


UcCCDuD C ACucACD 


401 


cDCAGAU C ADCOOCD 


116 


OuUCACD C AcUGgcc 


404 


AGATCAD C DUCDCaA 


137 


GCCaCAU C uCCcOCc 


406 


ADCADC0 0 COCaAAa 


139 


caCAuCD C CCOCcAg 


406 


ADcADcD 0 cOcaAAA 


177 


GCADGAU C CGcGACG 


407 


DCADCO0 C UCaAAau 


207 


AGGCaCO C CCCcAaA 


409 


ADCOOCD C aAAauuC 


228 


GGGGCU0 C CAGAACti ' 


409 


AuCuuCU c AaAADUC 


228 


GGGGCuU c CAGaacU 


409 


aOcOUcU c AAAauDc 


236 


CAGaaCU C CAGGOGG 


432 


AGCCDG0 A GCOCAcG 


236 


CAGaACU c cAGgcGg 






249 


GGugCCO a UgOCDcA 






249 


GGuGCCD a DGucDCa 


444 


AcGOcGU A GCAAACC 






501 


AcGCCCO C CUGGOCA 


261 


UCAGCCU C OOOOCaU 


S60 


gGgUDGU a CCOuguC 


261 


DCAgOCXJ C UUcUcau 


560 


GGguUGD A CCOugOC 


263 


AGCCOCD U COCaEOC 


564 


U30ACCD u gOCOACn 


263 


AgCCUCU U CDcauOC 


567 


ACCObgD C 0ACOCOC 


264 


GCCOCUD C UCaDDCC 


569 


CDugOC0 A COOOCAG 


264 


gCCOCUD C DcauDCc 


572 


gOCOACD C CCAGGOu 


266 


COCOOC0 C aOOCCDG 


572 


GUCUaCU c CCAGguu 


269 


DGCDCatT 0 CCUScOd 


572 


GuCUacU C CCAgGOu 


270 


DCDCaOU C COGcUuG 


579 


CCCAGG0 u COCODCA 


276 


UCCOGcU u GUGGCAG 


580 


CCAGguD c uCDDcAa 


297 


CCACGCO C UPCOSuC 


580 


CCaGGuD c UCuDcaa 


299 


ACGCDCO 0 COGuCQa 


582 


AGGODC0 C UTCaagg 


300 


CGCDCDU C UGuCUaC 


582 


AGGOuCD C UUCAAGG 


304 


CDuCUgU c uAcDGaa 


584 


GDuCOCD 0 CAAGGGa 


306 


OcDGOcO a cOgAAc0 


585 


DuCOCOD C AAGGGaC 


314" 


COGaACU 0 cGGgGDG 


608 


CcOGaCD a CgugCOC 


315 


UGaACDD c GGgGOGA 


615 


aCgOGcD C CDCAcCC 


315 


uGaaCUU c GGGguGa 


615 


AcGOSCO C CDCACCC 


324 


gGGDGaU c GgUCCcC 


618 


0SCOCC0 C ACCCACA 
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630 


ACACCgTJ C AGCCGau 


940 


GuCUAjCU 


c 


cUCAGaG 


630 


ACACCgU C AgCCgaU 


943 


UACUccU 


C 


AGaGcCc 


638 


agcCgAU u uGCOaOc 


972 


UCUaaCU 


u 


AgAAAGg 


643 


aOCPOGcTJ a uCUcAuA 


972 


\icUaaCU 


u 


AGAaAgG 


645 


UuGCuaTJ C TCauAcC 


9/J 


COaACuTJ 


A 


GAAAggG 


647 


GCuaDCu C auACCAG 


984 


AGgGgAJJ 


U 


auGGcuc 


663 


agAAaGTJ C AACCDCC 


984 


AGGGgatJ 


u 


atJGgCOc 


669 


TJCAACCTJ C CTCUCCG 


985 


GGGGauU 


a 


uGGcOCa 


669 


UcAAccTJ c cUcQCOG 


997 


UcAGAgU 


c 


CAAcucu 


672 


Accocca c acaoccg 


1010 


CuguGCa 


c 


AGAgCDU 


674 


C0CC0CCJ C OGCCgOC 


1017 


cAGAgCU 


U 


UcAaCAA 


681 


cOGCCgU C AagaGcC 


1018 


AGAgCGU 


a 


cAaCAAC 


681 


CDGCCgU C AAGAGCC 


1019 


GAgOGGTJ 


c 


AaCAACu 


681 


CPGcCgO C aaGAgcC 


1073 


UgGGCCa 


c 


ucAOgCA 


734 


cccroca a osagccc 


1096 


AAGgAcU 


C 


AAAugGS 


734 


CccOGGU a ugaGCCc 


1106 


aCGGGcU 


U 


uccGAAU 


744 


AGCCCMJ a UAcCOGG 


1107 


UGGGcDU 


u 


ceGAAOu 


746 


CCCAEaTJ A cOTGGGA 


1108 


GGgCuOU 


c 


cGaaOOC 


759 


GAgGAGTJ C UUCCAGc 


1115 


CcGAAnU 


C 


ACDGGaG 


759 


GAGGaGu C UuCCAGC 


1133 


CGAAugU 


C 


CAuuCcTJ 


761 


GGaGOCO tJ CCAGCOG 


1164 


gagCGgTJ 


c 


AgGOOGc 


762 


GaGOCOTJ C CAGCDGG 


1180 


UcUgUcU 


c 


agaAXJSA 


786 


ACCaACU C AtiOjcLkj 


1203 


aaGAnCU 


c 


AGGCCDTJ 


798 


CuGAGgU C AAuQlGv. 


12X0 


CAGGCCTJ 


TJ 


CCDacCO 


802 


GgUCAALJ C uGCCCaA 


1211 


AGGOJUU 


C 


COacCTJu 


812 


CCCaAgu A cuuaGAC 


1214 


CCOTCCU 


a 


cCUuCAG 


816 


AgUAcuU a GACOUDG 


1218 


CcuACeTJ 


u 


CaGACCu 


821 


uUaGACa U OGCgGAG 


1213 


CCuaCCTJ 


TJ 


CAGACcu 


822 


UaGACUU TJ GCgGAGTJ 


1213 


cCuACcU 


u 


cAgACOJ 


830 


GCgGAGU C cGGGCAG 


1218 


CCUacCTJ 


u 


CAGAccU 


840 


GGCAGGU C tJACDDDG 


1219 


CuaCCOU 


C 


AGACCUU 


842 


CAGG3XD A CDUUGGa 


1219 


CuAcCOU 


c 


agACcTJCJ 


842 


CAGgucU a CUOugGA 


1226 


CagACCTJ 


a 


uCCAgAC 


842 


cagGuCa a CDUOgGA 


1226 


CAGAccTJ 


a 


CCCAGAC 


845 


GDCUACU U OGGagUC 


1227 


agACCCU 


u 


CCAgACu 


846 


UCUACUl) U GGagOCA 


T TIT 

1227 


AGAccUU 


TJ 


CCAGACD 




UUGGagU C ADOGCuC 


122 a 


GAccUDU 


C 


CAGACUc 


ace 


r^a^vf ATT TT ^2^^^^T"V^TT 




gACUcutJ 


c 


cCTGAGG 


fiH*7 
oo / 


ALKJ^aUU C UCUAU-L 




CAGCCutJ 


C 


CuCAcaG 


fiOl 
0:7 J. 




•U. OJ 


OCCCccTJ 


c 


uauuuATJ 


905 


CCcCaOJ C OgaOCCC 


1283 


cCcccca 


c 


UADOOAU 


905 


cCCCacO c OgAOCCC 


1285 


CCCCUCU 


A 


TJDOAUaU 


905 


CcCCACO c uGAccOC 


1287 


ccucaAu 


u 


UauAuUU 


914 


GAcCCcU TJ uadOCDG 


1287 


CCUCUAU 


D 


UADaOOU 


915 


ACCCCuU u acUCuGA 


1288 


OJCUADTJ 


0 


AUaDDDG 


919 


CUUUAcU c ugaCCcC 


1289 


DCUACDU 


A 


UaUDUGC 


928 


GACCcCa u UaDugOC 


1293 


UOUAUaU 


U 


CGCACTKJ 


928 


gAcCCCCT U UAOUguC 


1293 


uTJTJaUaTJ 


u 


UGcAcTJii 


932 


CCDUUAU TJ guCuaCU 


1294 


OUAUaUD 


TJ 


GCACUUa 
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1300 


UUGCACU 0 aOuADUu 


1462 


1303 


CAcuDaU u AuUuADU 


1470 


1304 


acOuADU A uuuauua 


1472 


1306 


UuADUAU U DAUuAUU 


1473 


1307 


uADUADU U AUuaUuU 


1474 


1307 


OaOUaOU U AuuADutJ 


1478 


1308 


AUUAUUU A UUAUUUA 


1479 


1310 


DauuuAU U AuuuaDU 


1479 


1310 


UADUUAD U AuuuaDU 


1484 


1310 


UADOOAD U AUUuauu 


1498 


1311 


AUUUAUU A UUUAUUU 


1511 


1311 


AUUUADU A UUUAUUU 


1514 


1311 


AuuDADU A UuDauUU 


1516 


1313 


UUAUUA0 U UAUOdAU 


1529 


1313 


UUAUUAU 0 DADUUAU 


1529 


1313 


uDADuAU u UaUDQAu 


1530 


1314 


QADOADU 0 Auuuauu 


1530 


1314 


DAUUAUU 0 AUUUAUU 


1563 


1315 


ADQAUD0 A UUUAuuA 


1563 


1317 


UAUUOA0 0 uADQADU 


1563 


1318 


AUUUAUU 0 Auuauuu 


1589 


1319 


TOUADOU A DuADOQA 


1592 


1326 


ADQADUO" A uuuauuu 


1617 


1328 


UAJUUUAU 0 UADOOgC 


1623 


1329 


AUUUAUU 0 ADUOgCu 


1633 


1330 


UUUAUUU A UUDgCuu 


25 


1332 


UA0DX2A0 0 DgCuuA0 




1333 


AuuuauU 0 gCuuAOG 




1337 


auUOGCU 0 AuGAAuG 




1338 


uDUGCUU A uGAAuGu 




1346 


UGAAD30 A uuuauuu 




1348 


AAUGQA0 0 0A00UGS 




1349 


AUUUAUU 0 ADUOGGa 




13S0 


UUUAUUU A uUOGGaA 




1352 


uADuUAD U OGGaAGG 




1352 


UADOuAD* 0 UGGaAGg 




1353 


Auuuauu 0 QGaACgC 




1369 


GSGGDgtf C CUQGaGG 




1398 


gC0guC0 0 cAGACAg 




1398 


GCUGuCU 0 cagaCAG 




1412 


GACADGO* 0 UUCuGOG 




1413 


ACAUGUU 0 OCuGOGA 




1414 


CA0GOU0 0 CuGOGAA 




1415 


* AUUUUUU C UGOGAAA 




1415 


ADG0O00 c DgugAaA 




1438 


gaGCOGU c CCCAccO 




1451 


CDGGGCU C UcOaCCU 




1453 


ggCCOCU C UaCCuUG 





aCCuOGU u GCCuCCU 
GccuCcU C UUUUGcU 
cuCcOCU 0 UUGcOTA 
uCcOCUU 0 uGcOXJAIJ 
CcUCOUU 0 GcUDADG 
UuuuGc0 0 ADGOUUa 
UUOGcOU a UGuuuAa 
UUUGcUU A DGUOUaa 
UUAUGUU 0 aaaAcAA 
AAAuauU 0 ADCOaAc 
AcccAaU U GOCOuAA 
cAaUUUU C uuAAuAA 
aUOGOCU u AAuAAcG 
CgcugAD" u DGGuGAC 
CGCOGA0 0 DGGUGAC 
gCUGAUU u gGOgacC 
GCUGAO0 0 GGOGACC 
OgaAcOJ c OGcOCCC 
ugaaCC0 C OGCOCCC 
CDCUGC0 C CCCAcGG 
UGaCOGU A ADuGcCC 
CDGOAA0 u GcCCOAC 
GAGAAA0 A AAGaDcG 
UAAAGaU c GCUQAaa 
UU A aaa U a aaAAaCC 
AgGgaCU a gCCagGA 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



at. House EH Rikozyma . Sequence 
Position 

25 UCCOGGC COGADSAGGCCGAAAGGCCGAA AGOCCCO 

o 6 CGGGAGC aJGADGAOSaiGAAAGGCCGAA AUUUCCA 

101 GGGACAG C0GADSAGGO2^J\G3CCGAA ACC3GCC 

101 GGGACAG COGADSAGGCCGAAAGGCCGAA ACCOGCC 

102 AGGGACA COGADSAGGCCGAAAGGCCGAA AACCOGC 
102 AGGGACA OX3ADSAGGCCGAAAGGCOGAA AACCOGC 
106 OGAAAGG COGADSAGGCCGAAAGGCCGAA ACAGAAC 

110 OGAGOGA COGAD3AGGCX23AAAGGCOSAA AGGGACA 

111 GOGAGUG COGADSAGGCCGAAAGGCCGAA AAGGGAC 

111 GD3U30G COSAD3AGGOCGAAAGGCCGAA AAGGGAC 

112 AGUGAGU" COGADSAGGCCGAAAGGCCGAA AAAGGGA 
US GGCCAGa COGADSAGGCCGAAAGGCCGAA AGOGAAA 
137 GGAGGGA COGADSAGGCCGAAAGGCCGAA ADG0GGC 
135 COGGAGG COGADSAGGCCGAAAGGCCGAA AGADGCG 
177 CG O OGOG C0GAI}GAGGCCGSUVA£bcXX3AA AUCADGC 
207 OOD GGQG CDSADSAGSCCGAAAGSOCGAA AGOGCCO 
228 AGUOCOG COGADSAGGCCGAAAGGCCGAA AAGCCCC 
228 AGOOCOG COGADSAGGCCGAAAGGCCGAA AAGCCCC 
236 CCGOCOG CTOADGAGGCCGAAAGGCCGAA AGOOCOG 
236 CCGCCD3 COGADGAGGCCGAAAGGCCGAA AGOOCOG ' 
249 • U3AGACA COGADGAGGOGGAAAGGCOGAA AGGCACC 
249 OGAGACA COGADGAGGCCGAAAGGCCGAA AGGCACC 

261 AD3AGAA COGADGAGGCCGAAAGGCCGAA AGGCOGA 

261 ADGAGAA COGADGAGGCCGAAAGGCCGAA AGGCOGA 

263 GAAOSAG COGADSAGGCCGAAAGGCCGAA AGAGGCO 

263 GAADGAG COGADSAGGCCGAAAGGCCGAA AGAGGCO 

264 GGAADGA COGADSAGGCCGAAAGGCCGAA AAGAGGC 
264 GGAADGA COGADSAGGCCGAAAGGCCGAA AAGAGGC 
266 CAGGAA0 COGADSAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG COGADSAGGCCGAAAGGCCGAA ADGAGAA 

270 CAAGCAG COGADGAGGCCGAAAGGCCGAA AADSAGA 
276 COGCCAC COGADSAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA COGADSAGGCCGAAAGGCCGAA AGCGOGG 
259 UAGACAG COGADSAGGCCGAAAGGCCGAA AGAGCGU 
300 GUAGACA COGADSAGGCCGAAAGGCCGAA AAGAGCG 
304 UOCAGUA COGADSAGGCCGAAAGGCCGAA ACAGAAG 
306 AGOOCAG COGADSAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG COGADGAGGCCGAAAGGCCGAA AGOOCAG 

315 OCACCCC COGADSAGGCCGAAAGGCCGAA AAGOOCA 
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315 UCACCCC OX3U3GAGGCCGAAAGGCOGAA AAGUOCA 

324 GGGGACC COGAIXSKXXXGAAAGGCCGAA ADCACCC 

324 GGGGACC CDGADGAGGCCGAAAGGCCGAA ADCACCC 

347 AD0Q3GG CIX2ADGAGGCCGAAAGGCCGAA ACUUCOC 

364 CCGADGA CUGADGAGGCCGAAAGGCCGAA AGGGAGG 

365 AACDGAU COGAtfGAGGCCGAAAGGCCGAA AGAGGGA 

366 AACDGAU COGADGAGGOCGAAAGGOOGAA AGAGGGA 
369 UAGAACU CDGAEGAGGC03AAAGGCCGAA ADGAGAG 
376 UGGGCCA CCK3M13AGGCCGAAAGGCCGAA. AGAACUG 
390 OGAGCGU OX&IJGAGGCCGAAAGGCCGAA AGGGGCU 
396 A03AOCU CCX3AD3AGGCGGAAAGGCCGAA AGCGCGA 
401 AGAAGAU (XGADGAGGCCGAAAGGCCGAA ATCCGAG 
404 UOGAGAA CUGADGAG3CCGAAAGGCCGAA ADGADCU 
406 UUUUGAG CDGADGAGGCCGAAAGGCCGAA AGADGAU 

406 00UOGAG OX2U3G&GGCCGAAAGGCCGAA AGADGAU 

407 ADODOGA. UJGAUiAGGCCGAAAGGCOGAA AAGADGA 
409 GAAUUUU CUGAUGAGGCCGAAAGGCCGAA AGAAGAU 
409 GAADUDU CO3AIX3AGGC0GAAAGGCOGAA AGAAGAU 
409 GAADUUU CDGADGAGGCCGAAAGGCCGAA AGAAGAU 
432 CGOGGGC CDGADGAGGCCGAAAGGCCGAA ACAGGCU 

444 GGUUUGC CSGRDGAGGCGGAAAGGGCGAA ACGACGU 

501 UGGCCAG CDGAUGAGCXXGAAAGGCCGAA AG3GCGU 

560 GACAAGG CDGADSAGGCCGAAAGGCCGAA ACAACCC 

S60 GACAAGG COjATOAGGCCGAAAGGCOGAA ACAACCC 

564 AGUAGAC CDGADGAGGCCGAAAGGCCGAA AGGUACA 

567 GGGAGUA CDGADGAGGCCGAAAGGCCGAA ACAAGGU 

569 C0GGGAG CXJGADGAGGCOGLAAAGGCCGAA AGACAAG 

572 AACCOGG CUGAIX3AGGCCGAAAGGCCGAA AGUAGAC 

572 AACCOGG CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

572 AACCOGG CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

579 UGAAGAG CDGADGAGGCCGAAAGGCCGAA ACCOGGG 
530 UOGAAGA CDGADGAGGCCGAAAGGCCGAA AACC OGG 

580 UOGAAGA CDGADGAGGCCGAAAGGCCGAA AACCOGG 
582 CCUDGAA CEGAIX2AGGCCGAAAGGCCGAA AGAACCU 
582 CCUDGAA CDGADGAGGCCGAAAGGCCGAA AGAACCU 

584 UCCCUUG COGAD3AGGCOGAAAGGGOGAA AGAGAAC 

585 GOCCCOU CUGATOAGGCCGAAAGGCGGAA AAGAGAA 
608 GAGCACG COSADGAGGCCGAAAGGCCGAA. AGOOGGG 
615 GGGOGAG CDGADGAGGCGGAAAGGGOGAA AGCACGU 
615 GGGUGAG CDGADGAGGCCGAAAGGQOGAA AGCACGU 
618 UGUGGGU CDGADGAGGCCGAAAGGCCGAA AGGAGCA 
630 ADCGGCO CUGAD3AGGCCGAAAGGGGGAA ACGGOGU 
630 ADCGGCU CDGADGAGGCCGAAAGGCCGAA ACGGDGU 
638 GAUAGCA CUGAD3AGQ00GAAAGGGCGAA ADCGGCU. 
643 UADGAGA CDGADGAGGCCGAAAGGCCGAA AGCAAAU 
645 GGUADGA CDGADGAGGCCGAAAGGCCGAA. ADAGCAA 
647 CDGGUAU CDGADGAGGCCGAAAGGCCGAA AGAUAGC 
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663 GGAGGUU CUGAIXSIGGCCGAAAGGCOGAA ACUUCCU 

669 CAGAGAG COGAIX^AGGCCGAAAGGCCGAA AGGoGGA 

669 CAGAGAG GJSAtXSAGGCCGAAAGGCCGAA AGGGGGA 

672 CGGCAGA CO3MX2AQG00GAAAGG00GAA AGGAGGU 

674 GACGGCA CXXSADGAGGCCGAAAGGCOGAA AGAGGAG 

. 601 GGCOCOa axaroaGGCCGAAAGGCOGAA ACGGCAG 

681 GGCUCOU COGAIXS^GCCGAAAGGCCGAA ACGGCAG 

631 GGCOCOa CDGADGAGGCCGAAAGGCOGAA ACGGCAG 

734 GGGCOCA CtXaATOAGGCCGAAAGGCCGAA ACCAGGG 

734 GGGCOCA CBGADC^GGCCGAAAGGCaaa ACCAGGG 

744 CCAGGUA CEK2AD3AGGCCGAAAGGCCGAA ATOGGCU 

746 UCCCAGG CDGATCAGGCCGAAAGGCCGAA AUACGGG 

759 GCDGGAA C0GAD3AGGCCGAAAGGCCGAA ACUCCOC 

759 GCDGGAA COGADGAGGCCGAAAGGCCGAA ACTOC3C 

761 CAGCOGG COGATOAGGCCGAAAGGCCGAA AGACUCC 

762 CCAGCOG CDGAUUAGGCOGAAAGGCCGAA AAGACCC 
786 CAGCGC0 CDGAIXSAGGCCGAAAGGCCGAA AGUUGGO 
798 GCAGAU0 COGAD3AGGCCGAAAGGCOGAA ACCDCAG 
802 UDGGGCA OTGADGAGGCCGAAAGGCCGAA ADDGACC 
812 GOCUAAG CD3RO33USG0CGAAAGGQCGAA. ACDGGGG 
816 CAAAGUC CDGADGAGGCOGAAAGGCCGAA AAGUACJ 

821 CDCCGCA CDGADGAGGCCGAAAGGCCGAA AGDCCAA 

822 ACDCCGC CtXSATJGAGGCCGAAAGGCCGAA AAGUCDA 
830 CUGCCCG COGADGAGGCCGAAAGGGOGAA ACDCCGC 
840 CAAAGUA COGAIKAGGCXXSAAAGGCCGAA ACCDGCC 
842 UCCAAAG COGATCAGGCCGAAAGGCCGAA AGACCDG 
642 UCCAAAG OX2AD3AGGCCGAAAGGCCGAA AGACCDG 
842 UCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCCG 

845 GACDCCA CIX3ADGAGGCOGAAAGGCCGAA AGUAGAC 

846 DGACDCC COGAD2AGGCCGAAAGGCCGAA AAGUAGA 
852 GAGCAA0 CEGADGAGGCCGAAAGGCCGAA ACDCCAA 
855 ACAGAGC aX3AU3AGGCCCAAAGGCCGAA ADGACCC 
887 GGGUAGA CUGADGAGGCCX3AAAGGCCGAA AAOGGAD 
891 GGCUGGG OTSAtGAGGCCGAAAGGCCGAA AGAGAAU 
905 GGGGOCA CDGAIX3AGGCCGAAAGGCCGAA AGUGGGG 
905 GGGGOCA COGAIX3AQGGCX3AAAGGCGGAA AGOQGGG 
905 GGGGOCA CCGAIX3AGGCCGAAAGGCCGAA AGDGGGG 

914 ' CAGAGUA OX3ADGAGGCCGAAAGGCCGAA AGGGGDC 

915 UCAGAGU CUGAD3AGGCCGAAAGGCCGAA AAGGGGU 
919 GGGGUCA CDGADGAGGCCGAAAGGCCGAA AGUAAAG 
928 GACAAUA CPGAIX3AGGCCGAAAGGCCGAA AGGGGDC 
928 GACAAUA CDGADGAGGCCGAAAGGCXGAA AGGGGDC 
932 AGUAGAC OJ3AIXSAGGCCX5AAAGGCO^ AEAAAGG 
940 COCOGAG OT3ADGAGGCCGAAAGGCOGAA AGUAGAC 
943 GGGCUCU CIIGAOSAGXXXJGAAAGGCCGAA AGGAGUA 
972 CCUUUCa COGADGAGGCCGAAAGGCCGAA AGUUAGA 

972 CCDUUCU COGADGAGGCCGAAAGGCCGAA AGUUAGA 

973 CCCOUOC QX5A0G&GGCCG&AAGGCCGAA AAGUUAG 
* 984 GAGCCAU CUGAtXsAGGCCGAAAGGCCGAA ADCCCCU 
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984 GAGCCAU CtXJAIX^AGGCCGAAAGGCCGAA ADCCCOJ 

985 CGAGCCA C0GMXSU3GCCGAAAGGCO3AA AADCCCC 
997 AGAG0U3 C0GADGAGGCX3GAAAGGCCGAA ACUCOGA 
1010 AAGCOCO COGADGAGGCCGAAAGGCCGAA AGCACAG 
1017 ULUJUGA OTGADGAGGCCGAAAGGCCGAA AGCOCDG 
1013 GGGGOCG CIX3ADGAGGCCGAAAGGCCGAA AAGCUCO 
1019 AG00G0D OJ3ADGAGGCa»AAGGCCGAA AAAGCUC 
1073 0GCADGA OTGADGAGGCCGAAAGGCCGAA AGGCCCA 
1096 OT AUUU CDC^tfJGAGGCCGAAAGGCCGAA AG U CC U U 

1106 AD0CGGA C0GAIX»GGa2»AAGGCaSA AGOCCAD 

1107 AADOCGG COGA03AGGCCGAAAGGCCGAA. AAGCCCA 

1108 GAADOCG OX^DGAGGCCGAAAGGCCSAA AAAGCCC 
U15 CCCCAGD CD3AIX2AGGa2»AAaXXX^ AADCCGG 
1133 AGGAAD3 CD3ADGAGGCCGAAAGGCCGAA ACADUCG 
1164 GCAACCT7 OX3AIX2lGGCCGAAAGGCCGAA> ACCACDC 
1180 OCAUUCU C0GAD3AGGCCGAAAGGCCGAA AGACAGA 
1203 AAGGCCO OXMXSAGGCCGAAAGGCCGAA AGADC0U 

1210 AGGOAGG COGAIEAGGCCGAAAGGCCGAA AGGOCOG 

1211 AAGGUAG a)GaDGaGGOCXS\AAGGCT AAGGCCO 
1214 CD3AAGG CDGAD3AGGCCGAAAGGCCGAA AGGAAGG 
1218 AGGOCOG C0GAD3AGGCO3AAAGGCCGAA AGGOAGG 
1218 AGG0C0G CDGAtKAGGCCGAAAGGCCGAA AGGOAGG 
1218 AGGOCOG COGADSAGGCCGAAAGGCCGAA AGGOAGG 

1218 AGGOCUG COGATOAGQCOGAAAGOOOGAA. AGGDAGG 

1219 AAGG0CU C0GAI*»GGCXX3UUU33aC^ AAGG0AG 
1219 AAGGOCD CCX3AD3AGGCCGAAAGGCOGAA AAGOTAG 
1226 G0C0GGA COG AD jAGGCCGAAAGGCCGAA AGGOCDG 

1226 GOCD3GA C0GAD3AGGCCGAAAG3CCGAA AGGOCOG 

1227 AGOCOGG C0GAD3AGGCO3AAAGGCCGAA AAGGOCD 

1227 AGDC0GG CXX3ADGAGGCCGAAAGGCCGAA AAGGOC U 

1228 GAG0COG COGAD3AGGCX23AAAGGCCGAA AAAGGOC 
1238 CCOCAGG COGADJAGGCCGAAAGGCCGAA AAGAGOC 
1262 CDGOGAG COGAIX3AGGCCGAAAGGCXGAA AAGGCOG 
1283 ADAAAHA COGADGAGGCOGAAAGGCOGAA AGGGG GG 
1283 ADAAAHA. COGADGAGGCCGAAAGGCCGAA A GGGGGG 
1285 ADADAAA COGAO3AGGC0GAAAGQO0GAA. AGAGGGG 
1287 AAADADA CDGADGAGGCCGAAAGGCCGAA ADAGAGG 

1287 AAAOM3A OX»03AGG(XX3UttGGCrG^ ADAGAGG 

1288 CAAADAU COGADGAGGCCGAAAGGCCGAA AADAGAG 

1289 GCAAAHA COGAIX3JU3GCCGAAAGGOCGAA AAADAGA 
1293 AAG0GCA CO3AO3AG3G0GAAAGGCGGAA ADADAAA 

1293 AAG0GCA COGADGAGGCCGAAAGGCCGAA ADADAAA 

1294 DAAGDGC CD3ADGAQGCCGAAAGGCCGAA AADADAA 
1300 AAADAAD CDGMXaGGCCGAAAGGCCGAA AGOGCAA . 

1303 AADAAAD C3X3ADGAGGCCGAAAGGCOGAA ADAAGOG 

1304 DAADAAA COGADGAGGCCGAAAGGCCGAA AADAAGa 

1306 AADAADA COGADGAGGCCGAAAGGCCGAA ADAADAA 

1307 AAADAAU COGADGAGGCCGAAAGGCCGAA AADAADA 
1307 AAADAAU COGADGAGGCCGAAAGGCCGAA AADAADA 
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1308 UAAADAA CDGAIXiAGGCCGAAAGGCCGAA AAADAAU 

1310 AAUAAAU COGAOSAGGCOSAAAiSGCXCAA AEAAADA 

1310 AAUAAAU COG2UJGAGGCCGAAAGGCCGAA AnAAAUA 

1310 AAUAAAU CXXSADSAGGCCGAAAGGCCGAA AUAAADA 

1311 AAAUAAA CI33ADGAGGCCGAAAGGCCGAA AAUAAAU 
1311 AAAUAAA CDGAD3ACGCCGAAAGGCCGAA AAUAAAU 
1311 AAAUAAA CUGMXSAGGCratfUGGCOGAA AAUAAAU 
1313 AUAAAUA OJGADSAGGOSSAAAGGCCGAA ADAADAA 
1313 AUAAADA. 032ADGAGGCCGAAAGGCCGAA ADAAUAA 

1313 AHAAAIIA C2X3AIK^GGCCGAAAG3C03AA AUAACAA 

1314 AAUAAAU CTGATXSAGGCCGAAAGGCOGAA AAUAAUA 

1314 AAUAAAU CUGADGAGGCCGAJVAGGCCGAA AAuAAUA 

1315 OAADAAA OX3AI3GAGGCCGAAAGGGCGAA AAADAAU 
1317 AAUAAUA OTGAUGAGGCCGAAAG3CCGAA AUAAAUA 
1313 AAADAAU CUGADGAOGCCGAAAOGCCGAA AAUAAAU 
1313 UAAADAA CT3AD3MGCOSAAAGGCCGAA AAAUAAA 
1325 AAAUAAA OX3ADGAGGCCGAAAGGCCGAA AAADAAU 

1328 GCAAADA OX3ADGMGCCGAAAGGCOGAA AUAAAUA 

1329 AGCAAAU aX3AU2AGGCCGAAAGGCCGAA AAUAAAU 

1330 AAGCAAA OX3ADGAGGCCGAAAGGCCGAA AAAUAAA. 

1332 AUAAGCA C0GADGAG3CCGAAAGGCGGAA AUAAADA 

1333 CAUAAGC CUGAD3AGGCCGAAAGGCCGAA AAUAAAU 

1337 CADUCMJ CUGACGACGCOSAAAGGCCGAA AGCAAAU 

1338 ACAUOCA CSX3AXX3AGGCCGAAAGGCCGAA AAGCAAA 
1345 AAAUAAA CXJGA03AGGO3GAAAGGCCGAA ACAUUCA 

1348 CCAAAUA CDGAUGAGGCCGAAAGGOCGAA AUACADO 

1349 UCCAAAU COGAIX3&GGCCGAAAG3CCGAA AAUACAU 

1350 UOCCAAA CUGADGAGGCGGAAAGGCOGAA AAADACA 
1352 CC00CCA CUGADGAGGCOGAAAGGOCGAA AUAAAUA 

1352 CCUUCCA CUGAUGAGGCCGAAAGGCCCsAA AUAAAUA 

1353 GCCUUCC QX3ADGAGGCCGAAAGGCCGAA AAUAAAU 
1369 CCOCCAG aXSAUCSAGGCOSAAAGGCaSAA ArACTTT 

| 1398 CCGOCUG CTOADGAGGCCGAAAGGCCGAA AGACAGC 

1398 OT0CUG CDGADGAGGCO3AAAGG0CGAA AGACAGC 

1412 CACRGAA OT3ADGAGGCXX3AAAGGCXGAA ACAUGOC 

1413 UCACAGA aXSADSAGGCCGAAAGGCXGAA AACADGU 

1414 UTCACAG COGADSAGGCX^SUUUGGCCGAA AAACAUG 

1415 TOOCACA COGADGAGGCOGAAAGGCCGAA. AAAACAU 
1415 UDUCACA COCSADGAGGCCGAAAGGCaSAA AAAACAU 
1438 AGGUGGG CD3ADSAGGCCGAAAG3CCGAA ACAGCUC 
1451 AGGUAGA CCXSADSAGSGCGAAAGGCCGAA AGGCCAG 
1453 CAAGGUA aXSADGAGGCOSAAAGGCOGAA AGAGGCC 
1455 AACAAGG COGAU3AGGCCGAAAGGCCGAA AGAGAGG 
1462 AGGAGGC COSAIXaAGGCCGAAAGGOOGAA ACAAGGU 
1470 AGCAAAA OX3AUGAGGCOGAAAGGCOGAA AGGAGGC 

1472 UAAGCAA COSADSAGGC03AAAGGCCGAA AGAGGAG. 

1473 AUAAGCA COGAD3AGGCCGAAAGGCCQAA AAGAGGA* 

1474 CAUAAGC COGAXX3AGGCCGAAAGGCCGAA AAAGAGG 
1473 UAAACAU CDGAUGAGGOCGAAAGGCCGAA AGCAAAA 
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1479 UUAAACA OX3W0GAGGCCGAAAGGCCGAA AAGCAAA 

1479 UUAAACA C0GAD3AGCXXGAAAGGCCGAA AAGCAAA 

1484 DOGUDUU CJGADGAGGCCGAAAGGCCGAA AACW3AX 

1498 GOOAGA0 CXXSADGAGGCCGAAAGGCCGAA AADADOD" 

15U UUAAGAC C0GAO3AGGCCGAAAGGCCGAA ADUGGQJ 

1514 UUAUUAA CUGAIX^3GCCGAAAGGCCGAA ACAADDG 

1516 OOTUADCf CTCATOAGGCOGAAAGGCOGaA AGACAAU 

1529 GDCACCA aXSATCAGGCXGAAAGCXaGAA ADCAGCG 

1529 GOCACCA COGADSAGGCOGAAAGGCCGAA ADCAGCG 

1530 GGOCACC CCGAIX2U3GCCGAAAGGCCGAA AADCAGC 
1530 GGOCACC CCX5ADGW3GCCGAAAGGCCGAA AACCAGC 
1563 GGGAGCA CO3A0GAGGCXSAAAGGCCGAA ACG0 0CA 
1563 GGGAGCA CC3GAD3AG3CCGAAAG3CCGAA AGGOOCA 
1563 C O GCGS g C0GAD3AGGCCGAAAGGCCGAA AGCAGAG 
1589 GGGCAAD C0GADGAG3CO3AAAGGCCSAA ACAGOCA 
1592 GUAGGGC CQGA3DGAOGCCGAAAGGCCGAA ATTOCAG 
1617 CGAUCUU C0GA3DGAGGCCGAAAGGCCGAA AUUUJUC 
1623 DOUAAGC COSAIX3AGGCCGAAAGGCCGAA ADCUUUA 
1633 GGUUUUU CCXaAUSAGGCCGAAAOGOOGAA ADODUAA 
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Table 29: Human bcr/abl HH Target Sequence 



Sequence 
ID No, 

b2-&2 
auction 



EH Target Sequence 



20 
21 
22 



CS&GASGQC COT CaSOGSOCEGa 
AftSMQOOC DOC 



23 OMGCaSRG DDC AAA&G3CC00C 

24 DCAAAftGQC CTO QG3333CAGCJ 
2 CAAMGOCn UUC MOSGOCAGOA 
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Table 30: Human bcr-abl HH Bibozyme Sequences 



Sequence HH Ribozyme Se<ruence 

XD No. 



26 GGCOOOJOCCa COGSVOSUGGCCGAAAGGCCGA^ flTCGAOGGOCA 

27 aOXSGCCGCCG COGSUXsAGSCCGAAAGSCCSAA AGSGCTOCOOC 

28 UACCGGCCGCU OJGMX^GGCCG^MGGCCGAA AAGGGC 00 CO O 

29 GAAGGGCDDUO COGMX^GGCCGaAAGGCCGAA AA OCT QC QDft 

30 ACOGGCCGCDG COGgTOSVGGCCGAAfiGGOC Ga A AGGGCODOOGA 

31 CaOXSGCCGCa COGMX»GSCCGAAAGGCC^ AAGGGCDODDG 
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Tabic 31: RSV (IB) HH Target Sequence 



nt • HH Target Sequence 
Position 



10 


GGCAAAU A AADCAAU 


14. 


AAUAAAU C AADQCAG 


JL.Q 


AADCAAn U CAGCCAA 


1<5 


ADCAADU C AGCCAAC 


J* 




ITT 






manriATi c a^agaca 


OA 




9 1 




AU1 




-LAU 


A/5ACCAIT A ADAACAU 


X J. J 




XJLO 


ATTAACAIT C ACHAACC 




mnr^ArTT a Afif^AfSAf^ 




df3Ar*Arr AnAAf*Af 

unuALrty V» AUtutUtt,, 


XJ/ 




1 /to 
14o 






At-AAAUU U AUiUJnJL.U 




w%AAUUU A UAJUAL.UVI 


1 CO 




1 KA 


UUuAUAU A C0OGAHX 


1 




1 fil 

.ox 


AC^imSATT A 21 AI IT 'At TCZ 


165 


GAIIAAAIT C ADGAATJG 


176 


AAOGCAU A GOGAGAA 


188 


GAAAACU TJ GADGAAA 


208 


GCCACAU TJ aACMJOC 


209 


CCACAJDa TJ ACATJ0CC 


210 


CACAUUU A cAtracca 


214 


UOUACAU U CCCGGOC 


215 


UUACAJJU C CUGGUCA 


221 


OCCUGOT C AAC0ADG 


226 


GQCAACCT A QGAAAOS 


239 


0SAAAO7 A UOACACA 


241 


AAACDAU TJ ACACAAA 


242 


AACOADa A CACAAAG 


251 


ACAAAGU A GGAAGCA 


261 


AAGCAOJ A AAUADAA 


265 


ACUAAAU A UAAAAAA 


267 


CAAAUAU A AAAAAUA 


274 


AAAAAAU A UACOGAA 



nt . 


HH Target Sequenc 


Position 




276 


AAAAtJATJ A COGAAOA 


283 


ACOGAAIJ A CAACACA 


IOC 

295 


ACAAAAU A CG3CACU 


JU-3 


OSGCACu U mwiJUUAU 


304 


G5GACUU U COCUAuG 


me 


GCACDuu C CCuATJGC 


ma 
JV/J 


UuuCCCu A UGCCAAU 


317 


UGCCAAU a UUCADCA 


Tin 
319 


CC-AAuAU TJ CADCAAU 


320 


CAAOADa C AUCAAJDC 


323 


T2AD0CAU C AADCADG 


327 


CADCAAU C ADGAUGG 


337 


GACGGGO" U CUQAGAA 


338 


ADGGGOU C tlOAGAAU 


340 


GGGODCa U AGAAUGc 


341 


GGDCCOU A GAAOGCA 


350 


AADGCATJ U GGCAUCA 


356 


OCGGCA0 U AAGCCGA 


357 


T3GGCAD0 A AGCCOAC 


363 


nAAGCCO A CAAAGCA 


372 


AAAGCAU A CTOCCAU 


375 


GCAtJACa C CCAUAAD 


38G 


CTCCCAU A ADAUACA 


383 


CCAUAAD A UACAAOT 


385 


ADAADAJJ A CAAGQA0 


391 


uACAAGU A D3ADCCC 






398 


ADGATJCD C AADCCAU 


402 


UCOCAA0 C CADAAAU 


406 


AADCCAU A AATJOaCA 


410 


QCAAAU TJ UCAACAC 


411 


ADAAAUU TJ CAACACA 


412 


UAAAUUU C AACACAA 


421 


ACACAAD A UUCACAC 


423 


ACAAUAU U CACACAA 


424 


CAAUAUU C ACACAAU 


432 


ACACAAU C UAAAACA 


434 


ACAAUOJ A AAACAAC 


446 


AACAACD C GAOGCAU 


448 


CAACOCO A UGCADAA 


454 


UACGCAU A ACOAUAC 
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489 

490 

492 

495 
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CAUAACU A XaCDCCA. 
QAAomu A COCCAIR 
COAnACU C CADRGOC 
ACUCCAU A GOCCAGA 
CCADAGU C CAGADGG 
CGAAAAIJ 0 ADRGOAA 
GAAAADQ A UAGOAAU 
AAADUAIJ A GUAADOT 
^ADAGa A ADOOAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



at. 
Position 

10 
: 14 
18 
19 
54 
57 
77 
94 
97 
101 

no 

113 
118 
122 
134 
137 
148 
149 
150 
152 
154 
157 
161 
165 
176 
188 
208 
209 
210 
214 
215 
221 
226 
239 
241 
242 
251 
261 
265 
267 
274 
276 



HH Ribozyme SeQuen.ce 



ADUGADU CUGAIX^>3CCGAAAGGCCGAA AOUGGCC 
COGAADU CUGADGAGGCCGAAAG3CCGAA ADUUAUU 
UOGGCGG C0GAIX3AGGCCGAAAGGOCGAA AUUSAUU 
GOOGGOJ COGAIX^GGCCGAAAGGCCGAA AADCGAU 
GGUGUAU COGArau^GCCGAAAGGCCGAA ADCADOG 
UGUGGGG QX3AIXSAGGCC3AAAGGCOGAA AUOADCA 
OGOCOGU CPGADGAGGCCGAAAGGCOGAA ADCADCA 
AAGOGAC CUGADSAGGCCGAAAGGCCGAA ACGGUCU 
COCAAOT OX3AIXSU3GCCGAAAGGCOGAA. ACAACGG 
DSSOC0C CXX3AD3AGGCCGAAAGGOQGAA AGUGACA 
ADGOOAU CCKMJ3AGGCOGAAAQSCOGAA JU3GS0C0 
GOSAECU CtXSAIXSAGGCOGAAAGGOCXSVA ADOADGG 
GGOtRGU CUGAIXSAGGCCGAAAGGCOGAA AbUUUAU 
COCOGGU OT3ATOAGGCCGAAAGGOOGAA. ACT3AJDG 
GOGOUATT OK3ADGAGGCCGAAAGGCCX3AA AP G 0 C 0C 
OGOGOGO OX2ADGAGGCCGAAAG3CCGAA ADGADGU 
GUADAJOA OT3ATX3U3GCCGAAAGGCCGAA ADUQGOG 
AGOAHAU COSAD3AGGCCXSAAAGGCCGAA AAUUUGU 
AAGUADA CTSAD3AGGCCGAAAGGCCGAA AAADUDG 
CKZAAGOA CCXSAD3AGGCCGAAAGGCCGAA ADAAADD 
OADCAAG COGADGAGGCCGAAAGGCCGAA AEAOAAA 
AUUOAUC CUGADGAGGCCGAAAGGCCGAA AGUAEtAD 
CADGAUU COGAIX3AGGCCGAAAGGCCGAA ADGAAGU 
CADOCAD COGATOAGGCXGAAAGGCCGAA ADOOADC 
UOCUCAC CXX3AI?33lGGCCG3UiAGGCa3AA ADGCAJOU 
UOOCADC COGMX3AJ3GCOGAAAGGCCGAA AGUOUUC 
GAADGOA Ctt^ADGAGGCCGAAAGGCCGAA ABGOGGC 
GGAADGU CO^ADGA G GCCG IA AAGGCCGAA AADGOGG 
AGGAADG COGMX33U3GC03AAAOGCOGAA AAADGUG 
GACCAGG COGAIX3VGGCCGAAAGGXXGAA ADGOAAA 
D3ACCAG C3X3ADGAGGCCGAAAGGCCGAA AADGUAA 
CATJAGOU COSAIXSAGGCXX»AAGGCCGAA ACCAGGA 
CADOUCA COGAIXaGGCCGAAAGGCCGAA AGUUGAC 
OGOGOAA C03ADGAGGCCGAAAGGCCGAA AGOODCA 
UOOGOGU C0GAD3AGGCCGAAAGGCCGAA AUAGUUU 
CQUOGOG CDGaTJGAGGCCGAAAGGCCGAA AADAGUU 

ugcodcc casmnaGcaGMJi^^ ac oodsb 

UUAUADU COGADSAGGCCGAAAGGCCGAA AGOGCUU 
UUUUUUA COGAD3AGGCOGAAAGGCCGAA ADOUAOT 
UAEUOUU QJ3AD3AGGCCGAAAGGCCGAA ADADUUA* 
UUCAGOA OT^AIX^AGGCCGAAAGGCCGAA AUUUUUU 
UADOCAG COGAIX3AGGCCGAAAGGCCGAA ADA0DUU 
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283 OGGGOQG COGADSAGGCOGAAAGGCCGAA ADOCAG0 

295 AGOGCCA COGAIX1AGGCCGAAAGGCCGAA ADU U U G U 

303 AHAGGGA CX3GAB3AGGCCGAAAGGCCGAA AGOGCCA 

304 CADAGGG COGAIXaAGGCCGAAAGGCCGAA AAGCGCC 

305 GCADAGG COGADGAGGCCGAAAGGCCGAA AAAGOGC 
309 A0OGGCA COGMJS^XX^^ AGGGAAA 
317 OGADGAA OT2A03AGGGCGAAAG3CCGAA ADUGGCA 

319 ADOGAUG COGAIK3AGGCCGAAAGGCCGAA AEADOG3 

320 GADUGAU COG3UPGW33CCGAAAGGCCGAA AADADCG 
323 CAUGADU COGATCAO^CCGAAAGGCCGAA ADGAAGA 
327 CCXDCAU CTOMX3ACGCCGAAAGGCCGAA ADCGADG 

337 UUJUAAG CCGAIXS\GGCaaAAAGGeCGAA ACCCADC 

338 ADOCOAA CCGAXX^AGGCCGAAAGGCCGAA AACCCAU 

340 GCAUUOJ CDGAI72AGGCCGAAAGGCCGAA AGAACCC 

341 UGCAUUC CDGAJ03ACGCXCTAAGGCCGAA AAGAACC 
350 UAM3GCC COGAIX3AGGCCGAAAGGCCGAA AJOGCADU 

356 07U3GCOO CDGATCAGGCOGAAAGGCaSAA ADGCCAA 

357 G0AGGCX7 COSAIJ3AGGOCGAAAGGCCGAA AADGCCA 
363 rocooas OXSAXISUSGOOGAAAGGCOGAX AGGOJUA 
372 AD3GGAG CLXSAIX3AGOCOGAAAGCXXGAA ADGCOUU 
375 ADUADGG COGADGAGGCCGAAAGGCCGAA AGOADGC 
330 UGQAnAU CDGAIX3AGGCCGAAAGGCXXaA ADGGGAG 
383 ACUUGUA CUGATOAGGCCGAAAGGCOGAA ADGADGG 
385 AOACOUG OJGAIXiAGGCCGAAAGGCCGAA ADAUOAIT 
391 GAGADCA QX3AIX2AGGCOGAAAGGCCGAA ACDOGUA 
396 GGAOT3A amOSAOSCOGAMGCXXSAA ADCADAC 
398 AEGGAUU CDGATOAGGCCGAAAGGQOGAA AGADCAU 
402 AXJDOAUG CDGAIX3AGGCCGAAAGGCCGAA ADUGAGA 
406 UGAAADO C0GAO3AGGCCGAAAGGCCGAA ADGGAJDU 

410 GCGOUGA C0GAO2AGGCCGAAAGGCCGAA ADOUACG 

411 UUJUUUJ CDGATOAGGCCGAAAGGCCGAA AADOOA0 

412 U0G0GOT CDGADGAGGCCGAAAGGCCGAA AAADOUA 
.421 OT3KJ3AA CXX3A1X3AGGCXX3AAAGQCCGAA. AX70QQGCT 

423 COGSUJSAGGOOCaUUUSSCOGAA ADAETOGU 

424 AEOGOGU COGATOAGGCCGAAAGGOCGAA AAHADOG 
432 UUUUUUA CaGWXMCXXEA^^ AD0G0OT 
434 GUDGUUU CCRIAIXSGGCCGAAAGGCCGAA AGRDOGU 
446 ADGCADA CUGALKiAGGCCGAAAGGCCGAA, AGUOGUU 
448 UOAXP3CA COGATO3U3SCCX3AAAGGCCGAA ACAGOGG 
454 GUAHAGU CTOAroAGGCCGAAAGGCOGAA ADGCADA 
453 OGGAGUA CT2ATCAGGCCGAAAGGCCGAA AGUGADG 
460 DAD3GAG CD3ATOAC5GCOGAAAGGCCGAA ADAGUOA 
463 GACOADG CXWAJLXiAGGCCGAAAGGCCGAA AGQADAG 
467 TJCUGGAC COGAIX3AGGCCGAAAGGCOGAA ADGGAGU 
47Q CCADOX; CUGAIXjAGGCCGAAAGGCCGAA ACOADGG 

489 OaACOAD OT3AIX3AGGCCGAAAQG(XGAA ADOOOCA 

490 ADUACOA CTCAiJGAGGCCGAAAGGCCGAA AADOOTC ' 
492 AAAqOAC CDGA03&GGCXGAAAGGCCGAA AHAADOT 
495 UUOAAAD COGADG3H3GCOGAAAGGCCGAA ACOAJQAA 
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Table 33 : RSV (1C) HH target Sequence 



at , 








10 


GGCAAAU A AGAADUU 


16 


OAAGAA0 a OGABAAG 


17 


AAGAADU O GAUAAGU 


21 


AHaUGAU A AGUACCA 


25 


GAUAAGU A CCACOGA 


31 


UACCACU U AAADOUA 


32 


ACCACUU A AADUQAA 


36 


CUOAAAU 0 UAACOCC 


37 


UUAAADU U AAC0CCC 


38. 


UAAAUUU A ACDGOC0 


42 


UUUAACU C U-UiA»^J 


46 


Acaccccr a gguoaga 


50 


CCUUGGU U AGAGADG 


51 


CUUGGUO A GAGAUGG 


67 


CAGCAAO U CAUUGAG 


68 


AGCAADU C AUDGAGU 


71 


AAUOCAU tJ GAGUADG 


76 


AGUGAGU A UGAUAAA 


81 


GUADGAU A AAAGUUA 


87 


UAAAAGU U AGADUAC 


88 


AAAAGUU A GADUACA 


92 


GUUAGAU U ACAAAAU 


93 


UUAGADU A CAAAAUU 


100 


ACAAAAU 0 UGUUUGA 


101 


CAAAADU U QJUUGAC 


104 


AAUUOGU U 0GACAAU 


105 


AUUUGUU U GACAADG 


120 


ADGAAGU A GCADUGU 


125 


GUAGCAU U GOOAAAA 


128 


GCAUUGU XJ AAAAAJJA 


129 


CAUUUUU A AAAADAA 


135 


UAAAAAU A ACADGCO 


143 


ACAOGCU A UACOGAU 


145 


ADGCOAU A COGAUAA 


151 


UACUGAU A AAUOAAU 


155 


GAUAAAU U AAOACAU 


156 


AHAAADU A ADACAOU 


159 


AAUOAAU A CAUaOAA 


163 


AAUACAU U OAACOAA 


164 


AUACADU U AACUAAC 



at • 




Position 




165 


UACADUU A ACUAACG 


169 


UUOAACU A ACGCuUU 


175 


UAACGCU U UGGCUAA 


176 


AACGC0U U GGCUAAG 


131 


OOUGGCU A AGGCAGU 


192 


CAG03AU A CAUACAA 


196 


GADACAU A CAAECAA 


201 


ADACAAU C AAADDGA 


206 


ADCAAAU 0 GAADGGC 


216 


ADGGCAU U GUJUUUS 


221 


A0O3CG0 U U3CGCA0 


222 


OTGCGUU U GUGCAUG 


231 


OGCADGU 0 AUOACAA 


232 


GCATOOU A UUACAAG 


234 


AGGOUAU U ACAAGUA 


235 


UGUaAUU A CAAGUAG 


241 


OACAAGU A GOSADA0 


247 


0AGOGA0 A UUCGCCC 


249 


GUGAUAU U UGCCCOA 


250 


CGADAUU U GCCCUAA 


256 


UOGCCCU A AUAAUAA 


259 


CCCUAA0 A AUAAUAU 


262 


UAAUAAU A ADADOGU 


265 


CAADAAU A DDSUAGU 


267 


AUAAUAU U GUAGUAA 


270 


ADADOGU A GUAAAAU 


273 


UOGUAGU A AAADCCA 


278 


GUAAAAU C CAAUOUC 


283 


ADCCAAU U UCACAAC 


284 


. CCCAADU U CACAACA 


285 


CCAADUU C ACAACAA 


300 


CGOCAGU A CUACAAA 


303 


CAGUACU A CAAAADG 


316 


OSGAGGU U AUADADG 


317 


GGAGGO0 A UAUAOGG 


315 


AGGUOAD A UADGGGA 


321 


GOUADMJ A CGGGAAA 


338 


AUGGAAU U AACACAU 


339 


UGGAAUO A ACACAUU 


346 


AACACAU U GCOCOCA 
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350 


CADTCOJ C tJCAACCU 


352 


DOGCDOJ C AACCDAA 


358 


DCAACCa A ADGGOCCT 


364 


QAADGGD C UACUAGA 


366 


ADGGOCO A COAGADG 


369 


GOCUACU A GAJJGACA 


379 


U3ACAA0 U GOGAAAD 


387 


GUGAAAEF U AAABCJCCJ 


388 


UGAAADO A AAUuCUC 


392 


ADOAAA0 0 COCCAAA 


393 


GQAAADU C OCCAAAA 


395 


AAADOCQ C CAAAAAA 


405 


AAAAACO A A30GADO 


412 


AAGOGA0 O CAACAAD 


413 


AGOGMKJ C AACAADG 


427 


GACCAAU U AJ0ADGAA 


428 


ACCAADO A GADGAA0 


430 


CAADUAX7 A IX3AADCA 


436 


OATOAAIJ C AADOMX: 


440 


AAECAA0 O ATXTDGAA 


441 


ADCAAOT A DCUGAA0 


443 


CAADUAU C T3GAADUA 


449 


QC0GAAXJ U AC00GGA 


450 


CCGAADU A COUGGA0 


453 


AADGEACU U GGAUUUG 


458 


C0DGG3U U UGAUCUU 


459 


UDGGADTJ U GADC0UA 


463 


ADUUGA0 C UUAADCC 


465 


OOGADCO U AADOCA0 


466 


UGADCDO A ADCCADA 


469 


UCOUAA0 C CADAAAU 


473 


AADCCAU A AADOADA 


477 


CADAAAU U ADAADUA 


478 


AHAAADU A UAADOAA 


480 


AAADUATJ A ADUAAHA 


483 


UUADAAU U AADADCA 


484 


UAEAAUO A AEADCAA 


487 


AABUAAD A tCAACUA 


489 


UUAAUAU C AACQAQC 


494 


ADCAACa A GCAAADC 


501 


AGCAAAU C AADGOCA 


507 


TCAADGtJ C ACUAACA 


511 


USOCACa A ACACCAP 


519 


ACACCAU U AGOOAAU 


520 


CACCADU A GOCRAUA 


523 


CADUAGO O AADAHAA 


524 


ADUAGOa A AUAUAAA 
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Table 34: RSV (1C) HH Ribozyme Sequence 



at. 
Position 

io 

16 
17 
21 
25 

31 . 

32 

36 

37 

38 

42 

46 

SO 

51 

67 

68 

71 

76 

81 

37 

88 

92 

93 
100 
101 
104 
105 
120 
125 
128 
129 
135 
143 
145 
151 
155 
156 
159 
153 
154 
155 



EH Ribozyma Sequence 



AAAUUOJ COGATX3AGGCOGSUUU3GCCGAA ADOCGCC 
CUOADCA aXSADGaGGCasaAAGGCOSA ADUOJUA 
ACUUADC C3GAIX2AGGCXX2AAAGGCQGAA AADGQ30 
UGGUACa CCGAIXiAGGCCGAAAGGCCGAA. ACCAAAO 
UAAGCGG CtTSADSAGSOOGAAAGGCCGAA &C00KDC 
UAAADUU CXX5ATOAGGCCGAAAGGCCGAA AGoGGOA 
UUAAAUU CCK3ABGAG3CCGAAAGGCXGAA AAGOGGCJ 
GGAGOUA CSG&OSaGGOCGAAAGGQGG^ ADUGAAG 
GGGAGUCJ CUGA3C?G?iGCCCGAAAGGCCGAA AADOUAA 
AGGGAGO OTGMXSAGSCCGAAAGGCCG^ AAADUUA 
ACCAAGG CUGAEX^AGGCCGAAAGGCCGAA AGOOAAA 
UCOAACC C0GAEGAGGCCGAXAG3CCGAA AGGGAGtJ 
CADCOCU C0GAD3AGSCGGAAAGSCCGAA AOCAAGG 
CCAOCOC CDGAIXaGGCCGAAAGGCCGAA AAOCAAG 
CUCAADG CUGAtX^AGGCCGAAAGGCCGAA ADGGCCG 
ACOCAAU CX7GADGAGG03GAAAGGCOGAA AADOGCJ 
CAHACUC OT3AIX2AGGCCGAAAGGCGGAA. ADGAADU 
UUUADCA CDGADGAGGCOGAAAGGCOGAA. AC3CAA0 
UAACUUU CCGADGAGGCCGAAAQGCCGAA ADCT3AC 
GUAADCU CUGAIX^JGGCCGAAAGGCCGAA ACUUUUA 
UG3AAUC CUGADGAGGCCGAAAGGCCGAA AACOUCU 
AJDDOOGCT COGM3GAGGCCGAAAGGCCGAA ADCUAAC 
AAUUUUG CUGADGAGGCCGAAAGGO^LAA AADCUAA 
UCAAACA CUGADGAGGCOIAAAGGCCGAA AUOUUGU 
GUCAAAC CXJGAIXSAGGCCGAAAOSCCGAA AADUUOG 
ADOGUCA COGADGAGGCCGAAAGGCCGAA ACAAADU 
CACDGUC CtJ3A03AGGCCGAAAGGOCGAA AACAAAU 
ACAADGC COG3UDGAGGC0GAARGGO0GAA ACDOCAU 
UOOOAAC COGAIX3AGGCCGAAAGGCCGAA ADGCOAC 
UADUODU CUGADGAGGCCGAAAGGCCGAA ACAADGC 
UUAUUUU COGATOAGGCCGAAAGGCCGAA AACAAUG 
AGCAUGU CUGAIXIAGGCCGAAAG3CCGAA AOUOOCX 
ATCAGOA COGAIXaAGGOCGAAAGGCOGAA AGCADGU 
OUADCAG Q3GADGAGGCCGAAAGGCCGAA AUAGCAU 
AUUAAUU Ca^ADGAGGCCGAAAGGCCGAA ADCAGQA 
ADGOADa COGAXXSAGGCCGAAAGGCCGAA. ADOOADC 
AADGOAU Q3GATX2AGGCCGAAAGGCOGAA AAUOUAU 
UUAAADG COGAIXSAGGCCGAAAGGCCGAA ADUAADU 
UUAGUUA CUGATOAGGCCGAAAGGCCGAA ADGOAXKJ 
GUUAGUD COGADGAGGCCGAAAGGCCGAA AADOTU 
CGODAGa CCGAIX3AGGCCGAAAGGCCGAA AAADGUA 
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169 AAAGCGU OX2XD3AGGCCGAAAGGCCX3AA AGOOAAA 

175 UUAGCCA COGADGAGGCCGAAAGGCCGAA AGCGUUA 

176 CDOAGCC COGAIJGAGGCCQAAAGGCCGAA AAGCGUU 
181 ACDGCCTJ COGAIXIAGCXCGAAAGGCCGAA AGOOAA 
192 CUGATfcAGGCCGAAAGGCCGAA ADCACOG 
196 UUGADOG CD3AIXSAGGCCGAAAGGCCGAA ADGOAEC 
201 UCAADOT COGADGAGGCCGAAAGGCCX^AA ADUGUAEJ 
206 GCCADOC COGMXSAGCXXGAAAGGCCGAA ADOOGAU 
215 CAAACAC CXX3AIX2AGGCCGAAAG3CCGAA ADGCCAD 

221 ADGCACA OX3UXSAGGCCGAAAGGCCGAA ACACAACT 

222 CAOGCAC CXGATOAGGCCGAAAGGCCGAA AACACAA 

231 DOGQAAU CTSAIXSAGGCCGAAAGGCaiAA ACADGCA 

232 CUUGUAA CtXSAOSAGGCCGAAAGGCCGAA AACADGC 

234 TJAOJUGU COCSTOMGCCGAAAGGCOSAA AjQAACAU 

235 CUACUDG CCX3ADGAGG00GAAAGGOCGAA AADAACA 
241 ADADCAC CTGAIX3AGGCCGAAAGGCCGAA A OJUGUA 
247 GGGCAAA COGADGAGGCCGAAAGGCCGAA ACCAOJA 

249 tJAGGGCA DXSADaAGGOCGAAAGGCCGAA ADADCAC 

250 UOAGGGC COSATOAGGOCGAAAGGCCGAA AADADCA 
256 UUAUUAD C0GAIX2AGGCOGAAAGGOOGAA AGGGCAA 
259 AHADOAET aXanSAGGTOGAAAGGCCGAA ADOAGSG 
262 ACAADAD aXSADGAGGCCGAAAGGCCGAA AUUAUUA 
265 ACUACAA aX3OTAGGCCGAAAGGCCGAA AUUAUUA 
267 DUACOAC COGADGAGGCTGAAAGGCCGAA AQADUAD 
270 AUUUUAC aXaADSAGGCOGAAAGGCCGAA ACAAUAU 
273 TCGADDU aX3ATO3U3GCa3AAAGGCCGAA ACOACAA 
278 GAAADOG C0GAIXSAGGCCGAAAG3CCGAA ADOOOAC 

283 G0DGCX3A OT3ATCAGGCCGAAAGGCCGAA A0OGGAU 

284 D30DG0G COGADGAGGCCGAAAGGCOaA AADOGGA 

285 TOSD0GO OXSUX3AGGCCGAAAGGCCGAA AAADCGG 
300 UUUiUAG COSAIX3AGGCXGAAAGGCCGAA ACOGGCA 
303 CADOOUG OXaaSAGGCCGAAAGGCCGAA AGUACOG 

316 CADADA0 OT3AXJ3AGGCOGAAAGGCCGAA ACCOCCA 

317 CCADADA, OTAOSAGGCCGAAAGGCCGAA AACCOCC 
319 TOOCAEBl aXSAIXjAGECCGAAAGSXGAA ATJAACCU 
321 UUUCCCA COGA3DGAGGCCGAAAGGCCGAA ADAUAAC 

338 AU3U3UU OX3A03AGGCCGAAAGGCCGAA ADOCCAU 

339 AADGDGa CUGTOX^AGGCCGAAAGGCCGAA AADOCCA 
346 U3AGAGC CDGAJXAGGCCGAAAGGCCXSAA ADGOGDU 
350 AGGDDGA COGAIXSAGGCOGAAAGGCCGAA AGCAADG 
352 OOAGGOtJ C3X3MX3AGOTOGAAAGGQCGAA AGAGCAA 

# 358 AGACCAU C0GAO3AQGCOG&AAGGCOGAA AGGOOGA 

364 X3CDAGUA CX3AD3AGGCCG31AAGGCCGAA ACCAOTA 

366 CADCOAG C0GAZXSAGGOOGAAAGGCOGAA AGACCA0 

369 UGOCADC COGAIX3AGGCCGAAAGGCCGAA AGOAGAC 

379 ADOOCAC C0GAOGAGGOCGAAAGGCCGAA AD0G0CA 

387 AGAADDU COGAIXSftGGCCGAAAGGCCGAA ADDOCAC* 

388 GAGAADO C0GAIX3AGGCCGAAAGGCCGAA AADDUCA 
392 00OGGAG COGA03AGGQCGAAAGGCCGAA ADDUAAU 
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393 DOODGGA CUG MJGA GQGQGAAAGGCOGAA AADUUAA 

395 D00DO0G C0GA0GAGGCO3AAAGGCCGAA AGAADUO 

40S AAUCACU COGA03AGGOO3AAAGGCOGAA AGOOOOO 

412 ADOGODG CXK3A13GAGGCCX5AAAGGCCGAA ADCACOU 

413 CAUUGUU OX2V0GAGGCCGAAAGGCCGAA AADCAC0 
427 UUCADAU COGAIX2AGGCCGAAAGGCCGAA ADOGGOC 
42S ADOCAHA COGAIX2AGGCCGAAAQGCCGAA AAOTGGa 
430 OGAD0CA COGAIKAGGCaSAAAGGCCGAA AUAADDG 
436 GADAAUU CUGAUGAGGCCGAAAGGCCGAA ADUCAHA 

440 OUCAGAU C UGAUGA GGCCGAAAG3CCGAA AUCGAU0 

441 ADUCAGA COGAIXIAGGCCGAAAGGCCGAA AADOGAU 
443 UAAUULA OTSAIXSAGGCOQAAAGGCeGAA ADAADDG 

449 OCCAAGa aX^ADSAGGQCGAAAGGCCGAA AUDCAGA 

450 AECCAAG ClXSAIXyUSGCCGAAAGSXGAA AADOCAG 
453 CAAADCC COGADGAGGCCGAAAGGCCGAA AGUAAUU 

458 AAGADCA OT2ATOAGGCCGAAAGGCCGAA ADCCAAG 

459 UAAGADC <OXiADGAGGCCGAAAGGCCGAA AACCCAA 
463 GGADUAA COGOTGAGGCOGAAAiSGOCGAA ADCAAAU 

465 ADGGAUU COGAOSSUX^rGAAAGGCOGAX AGADCAA 

466 UADGGAU OT3ADGAGGCCGAAAG3CCGAA AAGADCA 
469 AuuuaDG C0G8D3AGGCCGAAACGCCGAA ADOAAGA 
473 UAHAADU COGAUGAGGCCGAAAGGOCGAA A0GGABU 

477 UAADUA.U CUGaXJGAGGOOGAAAGGCOGAA AUUUADG 

478 UUAAUUA C0GADGAGGCOGAAAGQ0CGAA AADOQAU 
480 UADUAAU OXSADGAGGCCGAAAGQCCGAA ADAADUO" 

483 tXaAEDKJU CTCADGAGGCXSAAAGGOCGAA ADUAEAA 

484 UOGAUAU CtJGADGAGGCOGAAAOGCCGAA AADOAUA 
487 DAGDDGA C0GADGAGGCOGAAAGGCCGAA ADUAAOT 
489 GC0AG0TJ CaGADGAQGOOGAAAGGCOGAA ADADUAA. 
494 GAIKJOGC COSADGAGGCCGAAAGGCCGAA AGOOGA0 
501 UGACAUU OGG3UDGAGGCOGAAAGGOOGAA ADOOGC0 
507 UGOUAGU CDGADGAGGCOGAAAGGCCGAA ACAOOGA 
511 ADGGOGU COGATOAGGCCGAAAOGCGGAA AGOGACA 

519 AOUAACQ CCGADGAGGCCGAAAGGCCGAA ADGGOGU 

520 • UABUAAC QJ3ADGAGGCCGAAAGG00GAA AADGGOG 

523 ( XXJADADU CT0GADGAGG00GAAAG9C0GAA ACUAADG 

524 UuuaDAU C0GAZ3GAGGCCGAAAGGOOSAA AACQAA0 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCT/IB95/00156 

274 

Table 35: RSV (N) HH Target Sequence 



nt. 


HH Target Sequence 


Position 




9 


GGCAAAU A CAAAGAU 


21 


GAUGGCU C UUAGCAA 


23 


UGGCUCJ U AGCAAAG 


24 


G^CJCUU X GCAAAGU 


32 


GCAAAGU C AAGUOGA 


37 


GUCAAGU U GAAD3A0 


45 


,_ -i_ t_ ■ m m rir *_re^ 

GAADGAU A CACUS/VA 


50 


ADACACO C AACAAAG 


60 


CAAAGAU C AACUUCU 


65 


ADCAACU U CHjD3u7 


66 


ocAAcna c ugucadc 


70 


CXHAIX^U C JUXXJW3C 


•73 


COGOCAtJ C CAGCAAA 


82 


AGCAAAU A CACCADC 


89 


ACACCAU C CAACGGA 


108 


AGGAGAD A GUAOTGA 


111 


AGADAGU A UEX2ADAC 


113 


ADAGUAU U GAUACGC 


117 


UAOOGAU A CCCCOAA 


120 


UGADACU C CDAADUA 


123 


TJACUCCU A ADUADGA 


126 


UCCUAAD U ADGADGU 


127 


CCUAADU A UGAUGUG 


146 


AACACAU C AADAAGU 


150 


CADCAAU A AGUUAUG 


154 


AADAAGU O ADGUGGC 


155 


AtlAAGUa A UGD3GCA 


166 


GGCAOGU U AOTAADC 


167 


GCADGUU A UUAADCA 


169 


AIXSDUAtJ U AATJCACA 


170 


UGUUAUU A AOCACAG 


173 


UAUUAAU C ACAGAAG 


186 


AGADGCa A ADCADAA 


189 


CGCOAAD C AHAAADU 


192 


UAADCAU A AADUCAC 


196 


CADAAAIJ U CACDGGG 


197 


AHAAADU C ACOGGGO 


205 


ACUGGGU U AAOAGGU 


206 


CUGGGDU A AUAGGUA 


209 


GGUUAA0 A GGUADGU 


213 


AAOAGGU A UGUUAUA 



nt. 


HH Target Sequence 


Position 




217 


GGUADGU U AUADGCG 


218 


GUAJUuuU A UAEGCGA 


220 


ADGUUAU A CGCGAEG 


229 


GCGAEGU C UAGGUUA 




GADGCCU A GGUUAGG 




uCuAGGU U AGGAAGA 


/jo 


djAGGUU a ggaagag 




AGUJwuJ a aaaadac 


2o(J 


UAAAAAU A CUCAGAG 


2bo 


AAAHACU C AGAGATO . 


277 


vsCkavMcUJ A GGAOGGA. 


279 


GGGADAU C ACGuAAA 


284 


- AJ3CADGU A AAAGCAA 




AOGGAGU A GADGUAA 


305 


UAGATOU A ACAACAC 


315 


AACACAU C GUCAAGA 


318 


ACADCGU C AAGACA0 


326 


AAGACAU U AAJCGGAA 


327 


AGACADU A ADGGAAA 


346 


ADGAAAU U GGAAGUG 


347 


D3AAADU U GAAGUGU 


355 


GAAGUGU U AACADDG 


356 


AAGUAjU A ACADUGG 


361 


UOAACAU U GGCAAGC 


370 


GCAAGCU U AACAACU 


371 


CAAGCUU A ACAACUG 


383 


CDGAAAU U CAAADCA 


384 


UGAAAOT C AAADCAA 


389 


UUCAAAU C AACT0CG 


395 


UCAACAU U GAGADAG 


401 


UOGAGAU A GAAUCUA 


406 


ADAGAAU C UAGAAAA 


408 


AGAADCU A GAAAAJDC 


415 


AGAAAAU C CUACAAA 


418 


AAAUCCU A CAAAAAA 


431 


AAADGCU A AAAGAAA 


449 


GAGAGGU A GCUCCAG 


453 


GGUAGCU C CAGAADA 


460 


CCAGAAU A CAGGCAU 


472 


CADGACU C UOCCGAU 


474 


UGACDCU C CDGADUG 
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A OA 

•480 




aju 


UUUVajvjU A UALiwiJLA 


491 




Ojo 


UUjuUAU A \j£J\CAAU 


494 


A 0OAD3OA. 


iUO 


GCACAAU C UDCUACC 


496 




•taq 


ACaAUCU U CuAOCaG 


497 


OAAEWKJ A U0»UADAG 




CAAUCUU C UACCAGA 


501 


AOUAIJGU A TJAGCAGC 


7x1 


AIa-UuCU A ccacagg 


503 


OATJGOAU A GCAGCAU 


726 


UGGCAGU A GAGUDGA 


511 


GCAGCAD U AGOAADA 


731 


GOAGAGa a GAAGGGA 


512 


CAGCAUU A GUaADAA 




AAGtjvjuriU U UUUGCAG 


515 


caiajagu a aoaacua 


"741 


»^yy*^rTTT TT i n i ir i "w'» n /**«■» 


5X8 


f FA AS IA ATT % 1/ T fAAATT 


742 


fyy^Af u 3 t tt nfyir^i 




AAUAlVwU A iWUJUnu^ 


743 


yunUUUU Vi 't n* t~ tr>\7 




arrnvAATT TT JH3CAGCA 


751 






1 1 lAAAfRr A. fyif 5f *Af5 


754 


GGAIOGU TT TTAIXSAAn 






755 


GADOGOn IT ADGXATTr: 


551 




756 
766 
787 


A1JUUUUU A nnAAHGr" 














UJuUUnU VI AuVMlftAnw 






CCA 


CGOGAUU A GGAGAGC 


OUVf 


GGGGAGU C UUAGCAA 


573 


GAGAGCL7 A ADAAIXaU 


oUz 


GGAGUCU TJ AGCAAAA 


576 


AGCuAATJ A AuwJU-U 


om 
803 


GAuUUaj a gcaaaatj 


581 


AOAAEJGU C CuAAAAA 


811 


GCAAAATJ C AGUOAAA 


584 


AaJGUCCU A AAAAAOG 


815 


AATJCAGU TJ AAAAAtJA 


603 


GAAACGU U ACAAAGG 


816 


ADCAGOO A AAAATJA0 


604 


AAAOSuu A CAAAGGC 


822 


uAaAaAU a uuauguu 


613 


AAAGGCU U ACuACCC 


©24 


AAAAuAU TJ ATJGuQAG 


614 


AAGGCuU A CQAO0CA 




AAAXJAUU A TJGUUAGG 


ox / 






B I&f tr^tt TT ■» /~*t~*ji rr 




A/t£2AraT7 A flffA.A.PA. 




TTTT2irT2nrT TV ^l/^flP 








A^ATT^TT A rT!>Tyy' R 
AUAUVjUIJ A UUtiUQiCA 




A^Arvnn c ttatitsaayi 


oou 


AA^*AAr^T TT mTT'i 


OHO 


A^'l It • TI A f A/3 If 2 




A AfSTII V3T TT A r B 11 1 




VannuUViU U UVjAAAAA 


O / D 


nn^fl^TT TT TTTV T^^fl *TT 


030 


AAWJwU U uAAAAAU 


o /o 


. TJGAGGUU 0 ACGAAtJA 


boo 


A'&AAmiTT ^ /VY^s/'l' HT 


877 


• GAGGUUU A OGAAUAU 


570 


CCCGACU U uAUAGAU 


a 80 


TJATJGAATJ A UGCCCAA 


671 


CCCACUU U AUAGADG 


83D 


CAAAAAU TJ GGGXXJGU 


o72 


CCACU0TT A UAGADGU 


310 


GCAGGAU TJ CITACCATJ 


#T74 


•Tit if i rtt & /2ATTr^nnrr 




^•Aff^XTTf T r*» m /~w~t« fit 

wKauAuU C UACCADA 


680 


TJAGAXGO U UUXSUUC 


916 


GGATJUCU A CCATJADA 


681 


AGAOGOa 0 UUGUUCA 


921 


C0ACCATJ A UAJJUGAA 


682 


GM3G000 U DGOOCAO 


923 


ACCAQATJ A TJOGAACA 


683 


APsaoqo o guucadu 


925 


CAIJAUAU TJ GAACAAC 


686 


uuuuugu a CaTJtjoog 


943 


AAAGCAU C ADUAJDOA 


687 


UUUUGUU C AOTOUGG 


946 


GGATJCAU U AJDUADCU 


690 


OGQ0CATJ U TJDGGQAD 


947 


CAOCADU A UUaOCOU 


691 


GUUCAJJU TJ TJGGOATJA 


949 


UCAOUAU U ATJCOTjrjG 


692 


UDCADUO TJ GGQAUAG 


950 


CAUQATJTJ A UCUUTJ3A 
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952 


UUAUUAU 


C TOOGACU 


954 


ADUADCU 


U OGACOCA 


955 


uoadcbcj 


U GACOCAA 


960 


OOOG2UCX7 


C AADODOC 


964 


ACOCAAtJ 


U OCCDCAG 


965 


CUCAADU 


u caxiAca 


966 


GCAADOU 


C CDCACDD 


969 


AUUUCCU 


c acuucuc 


973 


CCOCACU 


U CDCCAOT 


974 


COCACDU 


C UCCAGCG 


976 


cacpocu 


C CAGOGUA 


983 


CCAGOGU 


A GUALJUAG 


986 


. GOGUAOT 


A 0QAGGCA 


988 


GQAGQA0 


17 AGGCAAO 


989 


QAGQADO 


A GGCAAOG 


1007 




A GGCADAA 






A ALKjLSSAfc* 


1 (YiA 


GGAGAGU 






CAGAGGO 


A UttJUtAu 


i nAA 




t. AAuAUUU 


< rtcn 
lUDU 


UCAAGA0 


C tXAQADGA 


1052 


AAGAOCu 


A UMJ3ADG 


1054 


GADCUAU 


A CT3ADGCA 


1072 


AAGGCAU 


A TCC0GAA 


1085 


AACAACU 


C AAAGAAA 


1103 


GUGDGAU 


XT AACOACA 


1104 


OGOGADU 


A ACUACAG 


1108 


AOUAACU 


A CAOTGOA 


•; n 5 


ACAGOGU 


A CQAGACQ 


1118 


GUGDACU 


A GAGQUGA 


1123 


CUAGACU 


U GACAGCA 


1139 


AAGAACU 


A GAGGCOA 


1146 


AGAGGCU 


A OCAAACA 


1148 


AGGCUA0 


C AAACADC 


1155 


CAAACAJJ 


C AGCDUAA 


1160 


AECAGCU 


U AADCCAA 


1161 


UZAGCOU 


A ADCCAAA 


1164 


GCUUAAU 


C CAAAAGA 


1173 


AAAAGAU 


A ADGA03U 


1181 


ADGADOT 


A GAGCUuU 


1187 


CAGAGCU 


U UGAGOOA 


1188 


AGAGCOU 


U GAGOGAA 


1193 


UUUGAGU 


tJ AADAAAA 


1194 


UDGAGUU 


A AQAAAAA 
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Table 36: KSV (N) HH Ribozyme Sequence 



Position 
9 

21 
23 
24 
32 
37 
45 
50 
60 
65 
66 
70 
73 
82 
89 
108 
111 
113 
117 
120 
123 
126 
127 
146 
150 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



HH Ribozyme Sequence 



ADCUUUG OXiADGAGGCCGAAAGGCCGAA ADOOGCC 
UU G OJA A OTSATCAGGCOSAAAGGCCGAA AGCCAEC 
COOUGCU CDSADSAGGCOGAAAGGCCQAA. AGAGCCA 
ACOUOGC CUGACT2AGGC03AAAGGCCGAA AAGAGCC 
UCAACUU OT3AIX»GGCCGAAAGGOCGAA ACOUOGC 
ADCAIJUC OTGATOAGGCCGAAAGGCCGAA AC00GAC 

oogagtx5 cdgadgaggccg^aaggccgaa adcajocc 
cooogot cdgadgaggcxx^aaggccgaa agogceuj 
agaagucj cugadgaggccgaaaggccgaa aqc000g 
adgacag c0gadgaggccgaaaggcc3aa agooga0 
gadgaca ajgadgaggcosaaaggccgax aaguoga 
gcoggau ct2adgaggccgaaaggccgaa acagaag 

UOOGCOG CIXjAI3GA Q C5CCGAAAGGCCGAA XDGACAG 
GADGGOG CD3MX3AGGCCGAAAG3COGAA. AbUUGCU 
tXXGUDG COGAIX2AGGCCGAAAGGCCGAA ACGGOGU 
DCAADAC COGaDSAGGCCGAAAGGCCGAA ADCOCOJ 
GUADCAA CIX5AD3AGGCCGAAAGGCCGAA ACDADCTJ 
GAGUADC OJGAD3AGGCCGAAAGGCX33AA AUACDA0 
TOAGGAG OX3ADGAGGCCGAAAGGC03AA ADCAAHA 
UAADUAG OT3AIX2AGGCCGAAAGGCCGAA AGCADCA 
UCAHAAEJ CIK3A1X3AGGCCGAAAGGCCGAA AGGAGUA 
ACADCAU CDGAIKaVGGCrGAAAGGCCGAA ACUAGGA 
CACADCA 03GADGAGGCCGAAAGGCCGAA AADUAGG 
ACUUAUtf CUGAD3AGGCCGAAAGGCOGAA ADGUGUU 
OVXJAAC0 CIX3AIX3AGGCCGAAAGGCCGAA ADOGADG 
GCCACAU CUGATOAGGCCGAAAGGCCGAA ACUDADU 
TCCCACA COGATOAGGCCGAAAGGCCGAA AACUOAU 
GADUAA0 CUGAIXaftGOCCGAAAGGCGG&A. ACADGCC 
UGAUUAA CDGAD3AGGCCGAAAGGCCGAA AACADGC 
O30GADU CUGAUGAGGCCGAAAGGCCGAA ADAACAD 
CPGQGAX7 OX^DGAGGCCGAAAGGCCGAA AAEAACA 
COOCDGO CUGATOAGGCCGAAAGGCCGAA ADDAADA 
UUAUGAU CIXSAIXjAGGCXGAAAGGCCGAA AG CAUOJ 
AADUUAU COGADGAGGCCGAAAGGCCGAA ADUAGCA 
GUGAADtf CXK^AUGAGGCCGAAAGGCCGAA ADGAUUA 
COCAGOG CCX2AIXSAGGCCGAAAGGCCGAA ADUOADG 
ACCCAGU CDGADGAGGCCGAAAGGCCGAA AADOOAD 
ACCUADU OT3ADGAGGCCGAAAGGCCGAA ACCCAGU 
QACCOAU QJGAIX5AGGCCGAAAGGCCGAA AACCCAG 
ACAOACC COGAtXSAGGCCGAAAGGCCGAA AEUAACC 
UAHAACA COGADGAGGCCGAAAGGCCGAA ACQJAUU 
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218 


UCGCAEA 


220 


CADCGCA 


229 


UAACCOA 


231 


CCQAACC 












^TT Ihl h li n 1 
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0ACAI3GA 


279 






LIUULliDUl 




UOACADC 






JIj 




^1 ft 






UUCCAIiU 






J*0 


CACOOCA 


J4# 












J ox 


GCOOGOC 


J / u 


AUVMJUU 


371 


CAGOUGTJ 


3fl3 


I V21 f II If 1 2 


3fl4 


T IT Vifil If H 1 




CAADGUU 


IOC 

jjj 


CUADCOC 


Ant 
4QZ 


UAGAUUC 


406 


UUUUK-UA 


408 


GAuuuuC 


4X5 


UUUktUAG 


418 


UUUUULKi 


431 


UUUUJUU 


442 


0X3GAQC 




QAUUCOG 




AJLAjt-LAA* 


AT) 


AUCAGGA 


474 


CAADCAG 


480 


AUCCCAC 


491 


AnAAUAU 


494 


OACAnAA 


496 


UAOACAU 


497 


CQAOACA 


501 


GCUGCUA 


503 


ADGC0GC 


511 


uauuacu 
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C0GAOGAGGCCGAAAGGC0GAA acauacc 
OX3MXSAGGOOGAAAG3CCGAA AACADAC 
CtXSOJGAGGCCGAAAGGCCGAA AQAACAtJ 
aX3A03AGGCCGAAAGGCCGAA ACADCGC 
COGAOGAGGCCGAAAGGCCGAA AGACADC 
CQT3ADGAGGCCGAAAGGCCEAA ACCUAGA 
ajGADGAGGCaSAAGGCCGAA AACCOAG 
COGATOAgGCCGAAAGGCCGAA ADGGOGD 
QXaADGAGGGOGSUUWSGOOGAA. AUUUUUA 
COGKDSAGOGOGSUkAGGOOGfVA. AGUAUUU 

aksaosaggccgaaaggccgaa adccccc 
ctxsuxmgccgaaaggccgaa adadccc 

c02ad3aggccgaaaggccgaa acoccau 

CtXaAQSAGXSCCGAAAGGCCGAA ACAULUA 

cosadgaggccgaaaggccgaa auguguu 

COsAO3aG5O0GAAAG300GAA ACGAOGTJ 
CCK3aD3AGGCOGAAaGGCOGaA adgocctj 
aXWXSAGGCCGAAAGGCCGAA AADGOCCT 
CroArKAGGCa^AAAGGCOSAA AOUOCAU 
OT3AmAGGC0GAAAGOXXlAA AADOOCA 
aRSADSAGGCCGaAAGGCC^ ACACDDC 
CDGAD3AGGCCGAAAGGCCGAA AACACO0 
COGAtXSAGGCCGAAAGGQCGAA ADGUUAA 
CTOMX3AGGCCGAAAGGCCGAA AGCOOGC 
CCT2A03AGXXCGAAAGGCOGAA AAGC0OG 
CD)3aO3aGGC0GaAAGSC0GaX auuucag 
COGaTCAGXXOGAAaGgCOGAA aauuuca 
COGAOgAGGCQGAAAGGCCGAA ADOUGAA 
COGATCAGGCCGAAAGGCCGAA ADGOOGA 
C0GAO2AGGCCGAAAGGCCGAA ADCDCAA 
aX3U3GAGX3CCGAAAGGCC33AA AUUCUAU 
CCCADGAGSCQGAaAGGCCGAA AGADUCa 
CXKSaOSAGGOCGAAAGGCCGAA AUUUUCU 
COGADSAGGCaSAAAGGCCGAA AGGAUUU 
OXSAOSAGGCCGAAAGGCCGAA AGC AUUU 
COSAOoAGGCCGAAAGGCCGAA ACCOCOC 
C0GAD3AGGCCGAAAGGCCGAA AGCQACC 
CDGAOSAgGCCGAAAGGCCGAA addcogg 
CCGA03AGGCCGAAAGGCCGAA AG0CADG 
CDGADGAGGXXGAAAGGCCGAA agagoca 
aXSATOAGGCCGAAAGGCCGAA ADCAGGA 
COTaAXXsAGGCCGAAAGGCCGRA ADCADCC 
CaSATOAGGCCGAAAGGCCGAA ADUADCA 
OXIATCAGGCCGAAAGGCCGAA AUAOUAU 
COGAOGAGGCOGAAAGGCCGAA AADADQA 
COGaIXSAGGCCGAAAGGCCGAA ACADAAD" 
CDGAIX3AGGCCGAAAGGCCGAA AUACADA 
COGAOGAGGCCGAAAGGCCGAA aogcogc 
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512 uuauuaC CI3GADGACGCCGAAACGCCGAA AADGCUG 

515 UAGCOAU COGAD3AGGCOSAAAGGCCGAA ACQAADG 

518 ADUOAGU CIXSADSAGGCCGAAAjGGCCGAA ADUACOA 

522 GCUAAUU CDGADGAGGCCGAAAGGCCGAA AGUUAOT 

526 DGCUGCU COGA03^U3GCO3AAAGGCCGAA ADUUAGU 

527 CUGCUGC COGADGAGGCCGAAAGGCCGAA AADUOAG 
544 AAGACCA COGADGAOSCCGAAAGGOCGAA ADCOGOC 
549 GCDGOAA .aXSUXSUSGCCGAAAGGCXTGAA ACCAGAIJ 

551 CGGCOGD CIJGADaAGCXXDGAAAGGCCrGAA AGACCAG 

552 ACGGCDG CDGAOIAGGCCGAAAGGCCGAA AAGACCA 

563 COCDCOJ COGADGAGGCCGAAAGGCCGAA ADCACGG 

564 GCQCOCC OXIAGGAGGa33AAAGGCCG^ AADCACG 
573 ACADUAU CtXSADSAGGOCGAAAQGCCGAA AGCOCOC 
576 AGGACACT COGADGAGGCCGAAAGGCCGAA ADOAGCU 
581 UUUUUAG C0GADGJJ3GCCGAAAGGCCGAA ACADUAU 
584 CADUUOU COGADGAGGCCGAAAGGCCGAA AGGAOJ7 

603 CCUOUGO COGAIKAGGOXSU^AGGCa^ ACGODCC 

604 GCCOOOG aGATOAGGCCGAAAGGCOGAA AACGOUU 

613 GGGDAOJ COGADGAGGCCGAAAGGCCGAA A OXUUU 

614 OGGG0AG COGADGAGGCCGAAAGGCCGAA AAGCCOU 
617 CCOOGGG COGADGAGGCCGAAAGGCCGAA AGUAAGC 
629 UQJUGGC CIX2AIX2AGGCCGAAAGGCCGAA ADGOCCO 

640 UOCADAG COGADGAGGCCGAAAGGCCGAA AGCOGUU 

641 COUCADA COGADGAGGCCGAAAGGCCGAA AAGCOGU 
643 CACOUCA COGMJGAGGCOGAAAGGCCGAA AGAAGOT 

652 UUUUUCA COGADGAGGCCGAAAGGCCGAA ACACDOC 

653 GUUUOOC COGADGAGGCCGAAAGGCCGAA AACACUU 
663 AAGUGGG CUGADGAGGCCGAAAGGCCGAA ADGUUUU 

670 ADCUAHA COGADGAGGCCGAAAGGCCGAA AGUGGGG 

671 CADCOA0 COGADGAGGCCGAAAGGCCGAA AAGCGGG 

672 ACADCOA COGAIX3AGGCCGAAAGGCCCEAA AAAGOGG 
674 AAACADC COGADGAGGCOZAAAGGCCGAA AUAAAGU 

680 GAACAAA COGADGAGGCCGAAAGGCCGAA ACADCOA 

681 OGAACAA OTGAOGAGGCCGAAAGGCCGAA AACADCU 

682 AOGAACA COGADGAO^XGAAAGGCCGAA AAACADC 

683 AADGAAC CDGADGAGGCXX3AAAGGCCGAA AAAACAD 

686 CAAAADG raGADGAGGC03AAAGGCX3GAA ACAAAAA 

687 OCAAAAU OXSADGAfcGCCGAAAGGCCGAA AACAAAA 

690 ADACCAA COGADGAGGCCGAAAGGCCGAA ADGAACA 

691 DAUACCA COGADGAGGCCGAAAGGCCGAA AADGAAC 

692 CUADACC OX3ADGaGGCXX5AAAGGCCGAA AAADGAA 
696 IAAJGCUA COGADGAGGCCGAAAGGCCGAA ACCAAAA 
698 ADOGOSC COGADGAGGCCGAAAGGCCGAA ADACCAA 
706 GG0AGAA CXX3ADGAGGCCGAAAGGCCGAA ADOGOGC 

708 CDGGOAG COGADGAGGCCGAAAGGCCGAA AGADUGU 

709 DCDGGOA COGADGAGGCCGAAAGGCCGAA AAGADDG 
711 CCOCDGG COGADGAGGCCGAAAGGCCGAA AGAAGA0 
726 UCAAaJCOJGADGAGGCCGAAAGGCCGAA ACOGCCA 
731 0CCCUUC COGADGAGGCCGAAAGGCCGAA AC0C0AC 
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740 COGCAAA CTX2ATCAGGCCGAAACGC3CGAA ADCCLUU 

741 CCOGCAA CUGAIX5AGGCCGAAAGGCCGAA AADCCCU 

742 CCCOGCA 03GAIXSU3GCCGAAAGGCX33AA AAADCCC 

743 AXXXOGC CUGATCAXXCCGAAAGQOCGAA AAAADCC 
751 CAOAAAC C0GAIX2AGGCCGAAAGGCCGAA ADCCOGC 

754 ADOCA0A aX3AX3G3U3GCXCS^GGCCG^ ACAADCC 1 

755 CADUCAU CXJGADG3U3GCCGAAAGGCCG3UI AACAADC 

756 GCADUCA C0GAD3AGGCCGAAAGSCC5AA AAACAAD 
766 UGCACCA CCX3ADGAGGCXXSAAAQCXX2GAA AGGCADO 

787 CCACCGU CXXSAIXSAGGCCGAAAGSCCGAA ACAUCAC 

788 CCCACCG UJGAUiAGGCOGAAAGGCCGAA AACADCA 
800 UOGCEAA CO3ADGAGG00GAAAGGCQGAA ACCCCOC 

802 UUOCGCU COGATCAGGCnSAAAGSCOGAA AGACOCC 

803 ADOUUGC OX3AIX3AGGCCGAAAGGCCGAA AAGACCC 
811 UOQAAOJ CQSAIX3AGGCCGAAAGOT3GAA ADOOCGC 

815 UAUUUUU COGAXX3AGGOOG3UUIQGCOGAA ACDGAOT 

816 ADAUUUU CtXiATCAGGCOGAAAGGCCGAA AACOGA0 
822 AACAUAA COGA03aGGCCGAAAG3a3GAA AUUUUUA 

824 CUAACAU CDGADGAGGCOiAAAa^CCGAA ADAOUUU 

825 CCOAACA CUGADSAGS00GAAAG5C0GAA AAHADUD" 

829 ADGOCCa Q3GAIXJAGGCCGAAAGGCCGAA ACAUAAU 

830 CADGUCC GXSAIX2AGGCCGAAAGSCCGAA AACADAA 
340 UGCACAC OTj£UX2AGGCCGAAAGGCCGAA AGCADGU 
866 CCDCAAC CDGADGAGGCCGAAAJ33CCKAA ACDOGOU 
869 AAACCOC COGAXX3AGGQ32AAAGGOCGAA ACAACOU 

875 AUUCAUA COSADGAGGCCGAAAGGCCGAA ACCUCAA 

876 OMJOCMJ OXSAIXStfSGOaSAAAGKXGAA AACCCJCA 

877 ADADUCA C03AD3AGGCCGAAAGGCOGAA AAACC0C 
883 UUGGGCA COGAIX3AGGCCGAAAG3CCGAA ADDCADA 
895 ACCACCC CDGADGAGGCCGAAAGGEC3AA AOUU U UG 

913 AUGGCJAG C03MXSRGGCO GA AAGSOOGSA ADOCDGC 

914 UADGGUA C0GADC3U3XCGAAAGK23GAA AADCCUG 
916 UAjQADGG CTOADGAGCXXGAAAGGCCG^ AGAADCC 
921 UUCAADA COGAIXAGGCCGAAAGGCCGAA ADGOTAG 
923 UUJUCAA COGAIX&GGCCGAAAGGCCGAA AUADGOT 
925 GOOGOOC C0GADGAGGCCGAAAG3COGAA AUAI2ADG 
943 CAAUAAU CIX2A03AGQCOGAAAJ3GCOGAA ADGCDOT 

946 AGADAAU CDGADGAGGCCGAAAGGCCGAA ADGADGC 

947 AAGADAA OX3AIX2AGGCCGAAAGGCCGAA AADGADG 

949 CAAAGAU COGADSAGGCCGaAAGGCCGAA ADAA0GA 

950 UCAAAGA COGA03AGGCCGAAAGGGCGAA. AADAADG 
952 AG0CAAA COGSUOGAGGCXGAAAGGOCGAA ADAADAA 
954 OSAGOCA CTCAD3AGGCOG3UIAQ3CCGAA AGAHAA0 

' 955 0O3AG0C OXSAIXSAGGCCGAAAGGCCGAA AAGADAA 

960 GGAAAUU OTSAIX3AGGCCGAAAGGCCGAA AGOCAAA 

964 GUGAGGA COGATCAGGCCGAAAGGOOGAA ADOGAGa 

965 AGUGAGG OT3AQ3AGQGOGAAAGGCCGAA AADOGAG" 

966 AAG0GAG CUGAIX3AGGOOGAAAGGCCGAA AAADOGA 
969 GAGAAGO COGAD3AGGCCGAAAGGCCGAA AGGAAA0 
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973 ACOGGAG CDGAIX»GGCaGAAAGGCa2AA AGOGAGG 

974 CACDGGA CIX2ADGAGGCCGAAAGGCCGAA. AAGOGAG 
976 UACACUG COGAD3AGGCCGAAAGGCCGAA AGAAGUG 
983 CUAAUAC loJUAUiAGGCCGAAAGGCCGAA ACACOGG 
936 UGCCOAA OT3ADGAGGCCGAAAGGCCGAA ACUACAC 

988 ADUGCCU COGAIXSAGGCCGAAAGGCCGAA AJdACOAC 

989 CADUGCC COGADGAGGCCGAAAGGCOGAA. AAUACUA 
1007 UOADGCC CDGADGAGGCCGAAAGGCOGAA AGGCCAG 
1013 COCCCAD OX3A30GAGGCCGAAAGGCCGAA ADGCCUA 
1024 ACCDCOG CXXSICGAGGCCGAAAGGCCGAA AOTCCCC 
1032 CULUiUU CUGADGAGGCCGAAAGGCCGAA ACCDCOG 
1044 AGADCOT COGADGAGGCCGAAAGGCCGAA ADCCCGC 
1050 UCADAHA OX3VIX3AGGCCGAAAGGCCGAA ADCCGGA 
1052 CADCAOA C03AIX3AGGCCGAAAGGCCGAA AGADCOU 
1054 DGCADCA CDGADGAGGCCGAAAGGCCGAA ADAGADC 
1072 UOCAGCA OTSAD3AGGCCGAAAGGCCGAA ADGOCDU 
1085 UUUCUUU COGADGAGGCCGAAAGGCCGAA AGCDGCU 

1103 UGOAGUU COGADGAGGCCGAAAGGCCGAA ADCACAC 

1104 COGOAOT OTGAIXSAGGCCGAAAGGCCGAA AADCACA 
1108 UACACT73 COGADGAGGCCGAAAGGCCGAA AGOUAAU 
1115 AGUCOAG aX3AIXaGGCCGAAAGGCCGAA ACACDGU 
1118 UCAAGUC OT3ADGAGGXXXSAAAGGCCGAA AGUACAC 
1123 TJGCOGOC OJGADSAGGCXXSAAAGGCa^ AGCC3AG 
1139 UAGCCTC COGAD3AGGCCGAAAGGCCGAA. A UiUOJU 
1146 OGOTOGA COGAOGAGGCOGAAAGGOQGAA AGCCOCU 
1148 GADGOOQ OTGADGAGGCCGAAAGGCCGAA ADAGCCO 
1155 UOAAGOJ C0GADGAGGCCGAAAGGOCGAA ACGUDUG 

1160 - DUGGAUU OT3AIIGAGGCCGAAAGGCCGAA AGC5GA0 

1161 UCJOGGAH OX3ACGAGGC03AAAGGCCGAA AAGCDGA . 

U54 uaroooG cogaix^ggccgaaaggccgaa accaagc 

1173 ACADCAU CDGADGAGGCCGAAAGGOCGAA ACCUUUU 

1181 AAAGCOC COGADGAGGCCXSAAAGGCCGAA ACADCAU 

1187 UAACOCA OXSADGAGGCCGAAAGGCCGAA AGOJCUA 

1188 TjaAACOC C0C3ADSAGGCCGAAAGGCCCAA AAGCDCXJ 

1193 DODUADU COGADGAGGCCGAAAGGCCGAA ACOCAAA 

1194 UUUUUAO aXSADGAGGCCGAAAGGCCGAA AACOCAA" 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 


Amidite 


Time* 


% Full 


[Added/Final] 


[Added/Final] 




Length 




(min) 


(min) 




Product 


A 9 T 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


85 


AgT 


S [0.25/0.17] 


[0.1/0.02] 


15 m 


89 


(GGU)aGGT 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


78 


(GGU)3QGT 


S [0.25/0.17] 


[0.1/0.02] 


15 m 


81 


CgT 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


90 


C 9 T 


S [0.25/0.17] 


[0.1/0.02] 


15 m 


97 


U 9 T 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


80 


UgT 


S [0.25/0.17] 


[0.1/0.02] 


15 m 


85 


A (36-mer) 


T [0.50/0.33] 


[0.1/0.02] 


15/1 5m 


21 


A (36-mer) 


S [0.25/0.17] 


[0.1/0.02] 


15/15 m 


25 


A (36-mer) 


S [0.50/0.24] 


[0.1/0.03] 


15/15 m 


25 


A (36-mer) 


S [0.50/0.18] 


[0.1/0.051 


15/15 m 


38 


A (36-mer) 


S [0.50/0.18] 


[0.1/0.05] 


10/5 m 


42 



•Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2*-0-methyl coupling. S « 5-S-Ethyttetrazole, T = 
tetrazole activator. A is 5' -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3' where lowerecase represents 2'-0-methylnucleotides. 
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Table 40: Base Deprotection 



Sequence Deprotection Time 
Reagent (min) 



T °C % Full 
Length 
Product 



«Bu{GGU) 4 


NH4OH/EIOH 


16 h 


55 


62.5 




WIA 


in m 

iu m 




CO ~7 
OZ.7 




AMA 


10m 


65 


74.8 




MA 


10 m 


55 


75.0 




AMA 


10m 


55 


77.2 


iPrP(GGUU 


NH4OH/BOH 


4h 


65 


44.8 




MA 


10m 


65 


65.9 




AMA 


10 m 


65 


59.8 




MA 


10m 


55 


61.3 




AMA - 


10m 


55 


60.1 


C 9 U 


NH4OH/BOH 


4h 


65 


75.2 




MA 


10m 


65 


79.1 




AMA 


10 m 


65 


77.1 




MA 


10 m 


55 


79.8 




AMA 


10 m 


55 


75.5 


A (36-mer) 


NH 4 OH/EtOH 


4h 


65 


22.7 




MA 


10 m 


65 


28.9 



NUC 37890 



WO 95/23225 VCTMVSMIS* 

286 



Table 41: 2'-0-AIky!si!yl Deprotection 



Sequence Deprotection Time T °C % Full 

Reagent (min) Length 

Product 

A 9 T TBAF 24 h 20 84.5 

1.4 M HF 0.5 h 65 81.0 

(GGUU TBAF 24 h 20 60.9 

1.4 MHF 0.5 h 65 67.8 

C 10 TBAF 24 h 20 86.2 

1.4 MHF 0.5 h 65 86.1 

Uto TBAF 24 h 20 84.8 

1.4 MHF ■ 0.5 h 65 84.5 

B<36-mer) TBAF 24 h 20 25.2 

1.4 MHF 1.5 h 65 30.6 

A(36-mer) TBAF 24 h 20 29.7 

1.4 MHF 1.5 h 65 30.4 
B is 5 1 - UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC CCU 



-3'. 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing Constructs 


k (man* 1 )* 


HH 


1-16 ± 0.08 


HDV 


056 ± 0.15 


HP(GO 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



* k represents the unimolecular rate constant for ribozyme self-cleavage 
determined from a non-linear, least-squares fit (KaleidaGraph, Synergy 
Software, Reeding, PA) to the equation: 

(Fraction Uncleaved Transcript) = j~ (l-e*^) 

The equation describes the extent of ribozyme processing in the presense of 
ongoing transcription (Long & Uhlenbeck, 1994 Proc, Natl. Acad. Sri. USA 91, 
6977) as a function of time (t) and the unimolecular rate constant for cleavage 
(k). Each value of k represents the average (± range) of values determined 
from two experiments. 
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Table 45 



Entry 


Modification 


Un (m) 
Activity 
(tA) 


ti/2 <m) 

Stability 

(ts) 


P * ts/t A 
x 10 


1 


U4 & U7 = U 


1 


0.1 


1 


2 


U4&U7 = 2*-t>Me-U 


4 


260 


650 




U4 a 2'sCHo-U 


VI, «J 




1 QA 
I OU 


4 


U7 « 2'=CH2-U 


8 


280 


350 


5 


U4&U7 = 2'*=CH 2 -U 


9.5 


120 


130 






c 

•J « 




D*fU 


7 


U7 = 2*=CF2-U 


4 


220 


550 


8 


U4iU7 = 2*=CF r U 


20 


320 


160 


9 


U4 a 2 -r-U 


4 


320 


800 


10 


U7 = 2'-F-U 


8 


400 


500 


11 


U4 & U7 = 2'-F-U 


4 


300 


750 


1 0 


\J*r — C w AW 1 j 1 VJ 


*5 
w 




->.i Ton 


13 


U7 = ^-C-AKyHJ 


3 


220 


730 


14 


U4&U7s=2'-C-AHyMJ 


3 


120 


400 


15 


U4 = 2'-araF-U 


5 


>500 


>1000 


16 


U7 = 2'-araF-U 


4 


350 


875 


17 


U4&U7«2'-araF-U 


15 


500 


330 


1S 


U4 = 2*-NH r U 


10 


500 


500 * 


19 


U7 = 2'-NH 2 -U 


5 


500 


1000 


20 


U4&U7 = 2'-NHrU 


2 


300 


1500 


21 


U4 = dU 


6 


100 


170 


22 


U4&U7 = dU 


4 


*240 


600 
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CLAIMS 

What is claimed is: 

1. An enzymatic nucleic acid molecule which cleaves 1CAM-1 mRNA, IL- 

5 mRNA, ml A mRNA, TNF-a mRNA sites shown in Table 23, 25, 
5 27, or 28, CML associated mRNA selected from those identified as 

SEQ. ID NOS 1-25, or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic add molecule of claim 1, the binding arms of 

which contain sequences complementary to any one of the 
10 sequences defined in any of those in Tables 2, 3, 6-9, 11, 13, 15- 

23,27,28,31,33,34,36, and 37. 

3. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 
1 5 RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron, 

Neurospora VS RNA or RNaseP RNA motif, 

5. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. . 

20 6. The enzymatic nucleic add molecule of claim 5 comprising between 
14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 
between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

25 8. The enzymatic nucleic acid molecule of claim 7 comprising between 
1 0 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8, 
10, 12, 14-16, 19-22, 24, 26-28, 30, 32, 34 and 36-38. 

30 10. A mammalian cell including an enzymatic nucleic acid molecule of 
claims 1 or 2. 
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11. The cell of claim 10, wherein said cell is a human cell. 

12. An expression vector including nucleic add encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 

5 molecule(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of claim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, ml A, TNF-a, or RSV by administering 

10 to a patient an enzymatic nudeic add molecule of daim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, relA t TNF-a, or RSV by administering 
to a patient an expression vector of daim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

15 18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 

20 Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5*-0 
alkylnucleoside, 2'-deoxy-2 , -alkylnucleoside, nudeoside 5*-deoxy- 
S'-dihalo-methyiphosphonate, nucleoside S'-deoxy-S'-difluoro- 
methylphosphonate, nucleoside S'-deoxy-S'-dihalo- 

25 methylphosphonate, and S^'-dideoxy-S'.S'-bisfdihalo)- 

methylphosphonate. % 

20. A nucleotide selected from the group consisting of 5*-C- 
alkylnucleotide, ^-deoxy-^-alkylnucleotide, S'-deoxy-S'-dihalo- 
methylnucleotide, S'-deoxy-S'-difluoro-methylnudeotide, 3'-deoxy- 

30 S'-dihalo-methyinucleotide, and 5\3 l -dideoxy-5\3'-bis(dihaIo)- 

methyiphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5 , -C-alkylnucieotide, 2 , -deoxy-2'- 
alkylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, 5*-deoxy-5'- 
difluoro-methylnucleotide, y-deoxy-S'-dihalo-methylnucleotide, 
and ff.S'-dideoxy-S'.a'-bistdihaloJ-methylphosphonate. 

22. The ff-C-aikylnucleoside of claim 19, wherein the sugar portion is in 
a talo configuration. 

23. The ff-C-aflcylnucleoside of claim 19, wherein the sugar portion is in 
an alio configuration. 

24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of ff-C-alkyinucleotide, S'-deoxy-^-alkylnucleotide, 5- 
deoxy-S'-dihalo-methylnucteotide, S'-deoxy-S'-difluoro- 
methylnucleotide, ff-deoxy-S'-dihalo-methylnucleotide, and S^ 1 - 
dideoxy-5 , ,3 , -fais(dihalo)-methylphosph6nate. 

25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1, R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyi group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
between 2 and 5 amino acids inclusive; and the zigzag fines are 
independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3 -amido or peptido group. 

27. An oligonucleotide comprising a S'-amido or peptido group. 

28. The oligonucleotide of claim 24, 25, 26, or 27 having enzymatic 
activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyi group at its 5-position or 2- 
position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine, diethylazodicarboxylate, p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5' or a 3*-dihalo- 
methylphosphonate comprising the step of condensing a 
difluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside ff- or 3'- 

1 0 difluoromethytphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2-NH-amino acid 

33. A method for the synthesis of RNA comprising the step of providing. 
5-S-aikyItetrazoIe at a delivered 0.1-1.0 M concentration for the 

1 5 activation of a RNA amidite during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyftetrazole at 0.15-0.35 M .effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 

20 or equal to 1 0 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NH40H/alkyiamine (AMA) at between 
60°C - 70°C for 5 to 15 minutes to remove any exocyclic amino 
protecting groups from protected RNA; wherein said alkyi is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyl. 

36. A method for the deprotection of RNA alkylsilyl protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine^hydrogen fluoride (aHF«TEA) trimethylamine or 

30 disopropyiethyiamine at between 60 °C-70 °C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 
°C for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 
remove a protecting group of the 2*-hydroxyl position. 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1,2- 
benzodithioie-3-one 1,1 -dioxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 
300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyitetrazote or 
5-S-methyItetrazole prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
active. 

42. Method for synthesizing ^-deoxy^'-amino-nucleoside 
phosphoramidite, comprising the step of protecting the 2'-amino 
group with a N-phtaloyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

44. Method for synthesis of RNA comprising the step of: protecting the 
2 4 -position of a nucleotide during said synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently finking a SEM group to the 2-position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 
SEM-containing molecule under SEM bonding conditions. 

46. The method of claim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 
molecule or oligonucleotide with boron trifluoride etherate 
(BF3«OEt2) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF 3 -OEt 2 ) is provided in 
acetonitriie. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
5 intramolecular or intermolecular cleaving activity, said first 

ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
10 having intermolecular cleaving activity, said Second ribozyme 

being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic acid being flanked by other 
nucleic add sequences encoding RNA which is cleaved by said 
1 5 first ribozyme to release said second ribozyme from RNA encoded 

by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nudeic add molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
20 reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturally occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 

25 between a 3' region and 5' complementary nucleotides in said 

RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of daim 51, wherein sad molecule is transcribed 

by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
30 by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51, wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of dairn 53 t said RNA having A and B boxes of a 
type 2 pol 111 promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3' end of said B box. 

5 57. The RNA molecule of claim 53, wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53, wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of claim 51, wherein said desired RNA molecule 
1 0 is selected from the group consisting of antisense RNA, decoy RNA, 

therapeutic editing RNA, enzymatic RNA, agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5* terminus is able to 
base-pair with at least 12 bases of said 3* region. 

15 61. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 15 bases of said 3* region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62, wherein said vector is derived from an AAV 
or adeno virus. 

20 64, RNA vector encoding the RNA molecule of claim 51. 

65. The vector of daim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of claim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

25 67. Cell comprising the vector of claim 62. 

68. Cetl comprising the vector of daim 53. 

69. Cell comprising the RNA of claim 51. 
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70. Method to provide a desired RNA molecule in a ceil, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a S 1 terminus able to base pair with 
at least 8 bases of a 3' region of said RNA molecule. 

5 71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72- Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
10 bases in helix 2 and able to base-pair with a separate substrate 

RNA, wherein the said ribozyme comprises one or more bases 3' 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans: 

1 5 74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N* is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20, o is 0 - 20, n is 1 - 

20 4, and m is 1 - 20. 

« 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
25 helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 
30 81. A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of .claims 73-80, in a manner which allows 
expression of that ribozyme within a cell. 

83, A cell including an expression vector of claim 82. 

5 84. Method for altering fn vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
1 0 triplex molecule with said nucleic add molecule, wherein formation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in vivo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nucleic acid sequence. 

15 85. The method of claim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of claim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84, wherein said nucleic acid molecule is DNA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methylation of cytosine to 5-methylcytosine. 

91. The method of claim 84, wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a cell or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
5 molecule having sufficient complementarity with said first nucleic 

acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic add 
molecule; wherein said R-loop is formed in a region of said first 
nudeic acid molecule at a location which promotes expression of 
1 0 RNA from said first nudeic add under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
1 5 comprising the steps of, 

providing a complex of a first nucleic add molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
20 . structure under physiological conditions with said first nudeic acid 

molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic add under said conditions; 

25 and contacting said complex with said cell or tissue under 

conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nucleic add molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
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structure under physiological conditions with said first nucleic add 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic add under said conditions; 

5 and wherein said second nudeic acid further comprises a 

localization factor, 

and contacting said complex with said cell or tissue under 
conditions in which said desired nudeic add molecule is produced 
in said cell or tissue. 

Complex of a first nudeic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic add molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic add molecule; 
wherein said R-loop is formed in a region of said first nucleic add 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nudeic add molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 
sufficient complementarity with said first nucleic acid molecule so 
that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic add molecule lacks a promoter region 
and said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic add under said conditions. 

97. Complex of a first nudeic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 

30 molecule so that it is able to form an R-loop base-paired structure 

under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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44 S35 Sequence 

GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 5 0 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGUGGAU CCACUCUGCU 100 
GUUCUGUUU 109 

45. HfflS35 

GGCAGAACAG CAG AGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGA1 JG AG 100 
OACCOAAAGG UCCGAAACGG GCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



f-]Q_ 46. S3S p,us Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGGUGUCGA UCCAUCACUC UGCUGUUCUG UU U 133 



FIG. 47. HHIS35 Plus 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
GACCGAAAGG UCCfiAAACGG QCAGGAUCCU AACGAUCCGG GGUGUCGAUC 150 
C AUCACUCUG CUGUUCUGUU U 171 



Underlined bases indicate the HHI ribozyme sequence 
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A BOX = URGCNNAGYGG I This is based on Gciduschek & Tocchini-Vaientini, 

(1988) Annu. Review Biochem. 57, 873-914. However 
B BOX = GGUUCGANUCC I this consensus sequence is not meant to be limiting 

N = A,U,G,orC 

R = Purine 

Y = Pyrimidine 

• = Indicates base-pairing 

— = Indicates covalent linkage 

Indicates sites at which desired 
RNAs can be cloned 
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